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W W OEA=EXRAYESET I b A FONFAE W& Apergilius niger AMSIL
Trichoderma reesei QM9414 AT H, ERBRTEH WA SRS EXZFANEAFENE IR
FE,HTEREDNAKSAM AR IMESE LB . BERMEA P RATARN S
TUEHE, 08 0 O 4 X0 o A 3 [ L [ ) A% e S M B4, FRITIE LR R 500 5y FRRY, R K
RAEHTHEMNE DNA GO N EHANFERE R, HEGHAHNBRETAGNRPLE
1 9 XM (CMCase) FIp-— B ME MW (B Glase) I THH Y. SREMEZMHIRBH S FE
BEHAEEE (DD PRATHERRIREP Glase WEAH A/ ZMAMEEL: )
3a Ml A, P BB AR TR ACHE S S FS CMCase R GLase A9 B [B] PR IR0 58 3 3%, 3 R
HEMASEOSRBYEEFNN. GHEARUT -1 HP Glase N NI RRMETH
WIREIERAES WEHDEYNEEY, KARET TEREA TP RRMUES TERE
EHEMEREENATNE.

XA SERWER BERSIHENL BT HE5YE DNA, F IHAD, SH8. EXAS
S%E Q@

AT RN ER A SEEN PN UR B REE (dspergilius niger) MBRAR
(Trichoderma reesei) EHAMESE MR, ZERFEFERAMEALRRR S, BRABE
LREFRERAEEA"Y, XM MEERANENARTHAGRIETEE BRRNE
BB 9T F0 T R A AL R S R, Al S e R R A O B T MR8 T IR AR
FASEMAZMRENRETEEME, Mg THR GEEGER, A XEERY
MILKAMEATERA DNA BT HE 54 (RAPD-PCRIAAERBER IHE A
gL ER. SERUENEANS FIER, MR EAE IR FEERELNY
SERXMAER4ENREREEMNIEAES. B IHER AR REXAY S
FEa, ETXNMEMERET - E-HERTEIINTERNESRARSES
WA DU DR I R,

1 A Ay
L1 W
MFEAE A niger AMSIL, T reesei QM9414 ¥54E K ¥ B W7 RY, A F 3a. 3b.

*EHEARPEZES TEHETEREES EFRREES(F)A A8 AR EZLTHTH.
E i RAEEfF AL RS SR 510275
W B H 3 1996-11-09
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A BXEAEE TR IHRHEME (1989~ 19 WE. A FKETHEERMREFRF A
niger RITAES FEEMSEY. 3a. IbHRA -ARTAFHNAFABTE AT HY,
WERGOHEESERFIEATREOREMAT, Ja(=RERES ERTF) IHS
B BAKE RIS, HAaEAKE RO [3,7].
12 XE4 DNA iR % RAPD ¥ iR N

ZHCR 8~ 10] F &, BT EA YR BIEF AR AR LB E TR, URAF
BH& DNA. 7225 plR RER R, IMA 25ng 48 X 15ng 5197 O Operon technologies Inc
FEE)F10.5u Tag 8§ (P EBFBRMAETITHTE). Y I¥R BT Perkin Elmer Cetus PCR
PN E AT, RNEMR 94C, Imin T, 36C | mind A, 72C 2 minZE{H, 3t 45
A, B 72C 10 min, T W 1.2% Agarose B M, EB ¥ 1, ¥ 5MT T MBEE
B ORXER O] AXHAHURTE, TERANE. CHLZRABTRBIEEMNR
W ESE A, T H R SR A T reesei QM9414 i egl. eg2. cbhl A
cbh? % 4 MR B A R A0 A U, I RIS 68 id R RAPD 4+ FHric "
REBA A FH LSRG MR RN B N EEH DNA B, LN
BEAWHEXMEEFANHER. BATHELRAS v, RAET M 11,
L2)404T, SFt e 2 Lk a M RE D KA 70% REETHE A X (FHEXLESEEXR
CBD) {1 31 MR Z R AT 93bp B BB 4 R IR HE 5 5, #5503 T M >t B2 @8 R 51 9 e 51k
3 CCGGTCACACCTCCATAACCAS 1 5 ACATTGCGCATAATAAGGATT? , k15 FM
Operon BEALT | 4y A7) & rh gt x4 b 2k B AT 52 B 4 FT 9 51 990,
1.3 HREAXAH RN (CMCase). p-HWEWFTM (B GLase) AT BRlK D

FHFEWEBASNEFREENEAERBRAEFREFRRFG T RERGIER 4~
6d, U (50 u) BRSO G0 LB BEE®, ALRHTRAN LER TRAE
REGMWHERAESHL AT EVRR i sRite. 2ESGEZ 4 (1) CMCase [#
IHSH, MRS 05% RPESER(CMC, w/ vVHBEBEFRAKERL, RTEE
$A 0.1mol /L pHS5.2 MRBRE T S0C MATHEM K B 30 min, MK LMK, B
BARROHER (1 mg / m) FERTHE 30 mn, £ AKMPESRA 1 mol / L NaCl #
W S~10min EHERFHBREARAE. BREEA Imol /L HCl R HEE, B
MMEEE AT R LA IXAKN CMCase [ T %4, ZHEMBE. (2) p GLase AL
MW LR ERRSREE. R TEREFEHNMEER P T 37CRE 5~ 10 mink
TRA B R, LA R ERS T B R ERRIC R, R AR
0.1% LM HH 0.1% (w / VT GEE TR IESHLARATR. A EERAN CMCH
LY E Sigma A7, Kb ARNEEEA S LK.

2 #R
21 METFREGCRISERBINZER

ER -AVTM T A niger AMSI1 X T, reesei QM9414 & TARH R T E A
FR. ROMNPHEBRTETHRAATAEREALMELH R EEH A EHEHKR ", X
B SR 3a. 3b M A, REX4 G FBK 80% HEARFENRBAE, BN
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RERE. SRdPAEMTHEEZFHABIEREL, B 28CHER 4B RTR
B 4CRFE21d. MEEPRETS S ERAZRER 0 REMRBE, BA REAT S
BHR,1E Benomyl BEX A B IRAR R+ 0 E (BN FALETHARETART).

2.2 EEF 3a. 3b ¥ A_EHEHH DNA 1 RAPD 2-FIEQ%H4E

£1 EEFRSTEFARAPDE BESHMIUESE (%) sRAtTRTHEE
Table 1 Similarity analysis of RAPD between mecombinants and parents (%) 511 M\ Operon B8 #L 3| 47
QM9414 3a 3b Ar-y IR 23 #1054, FREESE

AMSI11 28.6 458 679 69.2 ﬁ“ ig 'I:H ﬁ' i % % ﬁ BCJ
QMY414 39.0 348 48.9 DNA }-*" E Eg g ‘;S 'E‘t (i

3a 311 50.0
3b 61.3

. BRE-BARETHH
HERBGINTFHAE
EHRMEEK R L5: ACGCAGGCAC, L7: AGGCGGGAAC, L8: AGCAGGTGGA) Fif+
RAPD £ &#64l. SEE XB XK EWRREENER 8T, SR UK, T2 5
16— A i R AT 40 AL

WMiExR | HEKR -A.BRETUE M. BRMEL AMSII(FRARESERTF)S
QMM (FREAMMBUSIART)ZBRBMBERERER, ZTHMAT 3230 A,
ZEESRRRAR. TRA BRFEFS QM4 KR A B (RIANFH 48.9% H L
R),HEELENEMRCTHXAERT AMSILUATIRENY 69.2%). FIL ja(=BER
EoAERT)53b(FROHERELERFIRRBTR - REBHENARHE AT
AY (ERFA), EREAN 28 23 #5194 INEERPERFEMEMNENAR, B
13t R & Wk 4 8] B B 7R R E 4 X & WA B (R R AE 34.8%~67.9% 2 1/). BRMNS
HEXEF3a3bMA BAERMMEARENNANERNRTHRTMEHENEAT,
X 5 MR AR 47 T BT R B B 25 M .

ERHEHME LS. TR =AAFEERFANEMNTIUANINESETY
MZzEHEUHERE. RESIPBERIMNVIVFEXBREEWEH B TR (H
B SRR FE—EMHLDIY, T LR RAPD KRS R MESY " 0k TS E KM
FEAFENFE. BE=KULEFRRIFLTRTEY., Rit, FRBERE RPN
WRETEBRAEZGAERALENN DNA BHN S FIERE. BR, A FEFA 2353
YHET BRERAEE T PHFEANEEN L REEMLE RS EMRABL B HE
NHEETERNMNAR, SFAEFANTENFRE=IEHT 3a. 3bMA,_PEARE
MAFEABEARSBY SRR RN S TEM, TR R0 E M
BUE B E,

23 EAF 3a.3b ¥ A_ A CMCase A TERE 51

MBS -CTT R, 3a M1 A, 5%% AMS11 CMCase 4R A0, HIERH F B
(RRE)THEHBEAMAFLEET. ERSTERUERMA) XSS ERT EF
QM9414 KBRS AR IE R, FFBIR 5 AMSIE F1 QMO414 Bzt ik 3 & EE il (3 RA
R E)FBAKXME T, RAEH X FFIEE AMS1L A QMI414 #9485 CMCase
MATHERRSIKTFEERRT. XENER-AEHTFEIGELFELEASTINEL
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FIEE. 3b RENSEANT EE QM4 ", X B X EHK T 3k A QMS414 B#Esr
CMCase "_'*.ﬂ“,Eﬁ%?ﬁﬂ%ﬂﬁ—%ﬁﬁi&ﬁﬁ&%éﬁ.ﬁiiﬁ%ﬁﬁ%ﬁ?%ﬁiéﬂﬁﬂ
FiES B, M. Ao b EHE £ E KT TR IFS HIE CMCase ilF A3 24
FRH LW AFEETCERBCIER, IR B EMAR EERET CMCase TR,
RS R A AHE,
24 EETF 3a. 3b MA,_AIBGLaseFI T B

BRI DR TEHT 3a. 3bF A BEMHFAP Glase EHHBIEMLH. 3aMA
%A AMSH1 #IB GLase® ATEARML, EAT A M LK ERTE MR T, RHEATF P
¥HFEEAMS] WHDBE Glase BER KRB KT EENRT. XREAT3aMA 8
ENERBRANY N —LFEE, 30 AUXTRGA T kA AMS11 # B34, &
ABLAE R T A QMO414 B — &4, S Se /A B R FEHE MM A ISR T . =M 3b P&
BGLasefl 4 M AA AL T, M AR XK FEERTT. ZEHFERE 3b mF
REMETTEEN, EAFIITEENAKR, 3aM A _ kB IGEAK 45 CMCase H
A EEEE B MR 55K (AR T-C) 2 55 B Glasel 7H3 H #9 838:% 15 (M D) EH XEK
f1. 3b i TR A MGEAR K &R GLase 2 B Fh 35 I A 38 %38 (B R 1-D) . LAEW
BEMBEEBIE AT, HHBNFRZ NP Glase T FTHEEBANHENBREA AR
iRV N EEEs (2

3 it
31 XTFARRMRAERANREBEREHASE

LA 7 R A TR A AR AR o K WIS A AR A T R B R B
B EZW R RESB REMEENRBERGBENEM L ARAAFERMRE
HERD BN RHEXR, B0 EH HMRYE . XFMEREERE T RHERT
CHERARMGENE. ATHRERBRT ZXRAPEMA T 30, b A EEEAL
DNA 44 2 B £ [/ TR % N2 E INRSE 04 F B A4S AE, D R ek B 4B A g 44
REHAEEASE, AUHZERNABIHBERKR T OHRERGTHRG S
FHEWLTER MARBTH S EHEATFRIFEERRERAR G RERSEE
B AR AR RSS FRARARSREEN RS TR K. TUENTREARE
AP — MR,
32 AFEATF 3. 3b 8 A RHRABNSTEUER NEH RN HD

AEHFI AT SR MR RA T A R R A3 R B 5 T Yy B
MZEEHE, B (1).3b RETF O E AR RA S HBAD GLase WBEE KRG E MY BRSE
(BJE -D)s (2).3a 81 A, ST 7 % Pz 4% A& #0 XK A ep #85 CMCase B GLaseHi i &
B P A R R, 3 SRR R TS M 4 B4 R 1 B E N (B 1C. D).
#9045 1, T30 L 3b 2L —IM 3R F KB GLase (B 1-D) B2 3a Ml A, A W 38 R 3K
CMCase #1p GLase (iR I-C. D) 18 1 , AUEBEE® T& 1R & B R IR KM IE LD,
i F BB 8148 CMCase #1p GLasef) B 1 & R Bk hA i n (AR 1-C. D). REXR
WL TP Glasefy HAME A, f LG & TR o7 1 PR R BT S 4 R, RANIIA
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REWME 1 IR RARE FUABEEERAARABRISRFMIEEK X0
MEAKARRENIAHP Glase/r FH NE R ML ER.

I 1
| M Gentiobiose (P -1,6) |
— #&M Sophorose (B-1,2) b—

| U S | O.Invive
ol t ‘e Biosynthesis
— | —— @®Induction
| ez, cbh genes | ] | bgl genes | BRepression
L Rl D | =~
| A= om—t
| t1 i t
| t | #WEER | t
{ B—~—=—=t | Transglycosylation { t
r 1 r I L 1 '
| LI, SHE_SAKNEEE | t | | 8-MEEmEN | !
| EGases, CBHases It r—|  BGlase {1
L ™7 11 | AMERI L————
[ t | Hydrolysis ! I.In vitro
(I | t| § 1 Hydrolysis
r b —— R —  Alnhibition
| K |—— | 4% | |Limiting-step | Waw |
| Cellulose —— | Cellobiose } | Glucose |
1 (B-1,4)y |OMCase| (B-1,4) | B GLase Y—_—
L

1 At T 4 At |
—_J L I

A1 pGLaser FTMAKAEYERERIVKREL NEHEEK WREHD
Fig.1 A proposed model for the double synergism on cellulase activity in vitre and its biosynthesis in

vive mediated by B—Glucosidase

IR A (LS B S LA A T A F o B ST R T RBI %
THRISREHMTHBRES S, MAAH TEREERXTANBRESSRNE
MRERENTRAR, AEFF AT LEARTIREMEAZEHATRARR
WENA KAWL NS FEWEIH, B8 THRHBR.

EWE 1-182F A, REXT W% 2N H DI 8 R A4 E IR 4R g4 A
B, B GLaseit — SR B AREF X BN MER THA. AHFR
GRERTHNEATHAGARRBEIUER LEKN, BRI RERLE NE 2
MsiSMGRELR. BT RELABRASEMFBERY (B 1-18BHR ), T
REWNEREMEDSBKE, BE B iTH A AR AN H, EA5 5% 4R 00 Ak 5
BR(ERICDISRELHEAB T TPGLasEATHEABR AR T URARRE XS
YRR AMER. BI, i BTN SR R M AT 4 0 (1, 4) B 06 o AR (-1,
2). BHE—¥E (B-1. 6) ¥R AEY ™. MEFNERTHBBERN TR _BOHNEEN
FEHERMAESRAORE, TAXETEYRAE_HAETHRNBEIEN, ATEEH
REAF ERABAR A RRMR (AP GLase 4 A ) 4R (IR 1-C, D FiR).
MABAGHBHMMIX SRR # T ENTERERN SR, b AR F HEEK
FLEBVEFRNSSTH(UE -IRLS7R). MLFid, EZMRRNERE =D BN
MEEAPMYBRERUAEN T ERMALEALZHBAMB AT 1L, BRES
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ARAHBATARRABHEY . NEOSRBE ) . HEEKBAMASRER(BXE
R)VEZHEHE RN EERHLE.

i B E R Bl A B AT R SR H . E R YHIT X RAPD W H KR AT R ER
1 SR B!
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THE INTERGENERIC COMPATIBILITY OF HEREDITY AND
EXPRESSION FOR CELLULASE GENOMES BETWEEN
ASPERGILLUS NIGER AND TRICHODERMA REESEI
Ai Yuncan” Teng Rujun® Gao Peiji’ Meng Fanmei'? Wang Zunong’
(! School of Life Sciences, Zhongshan University, Guangzhou 510275)

(? Institute of Microbiology, Shandong University, Jinan 250100)

Abstract By using the developed display techniques of cellulase isozymes and the
RAPD-PCR analysis guided by a deduced universal sequence of cellulase genes, the
polymorphisms of genomic DNA fingerprints and cellulase isozymes were compared
among three typical stable recombinants (3a, 3b, A, )} and their two parents
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(Aspergillus niger AMSI11, Trichoderma reesei QM9414) in order to provide the
molecular evidence of gene recombination, to demonstrate the compatibility of heredity
and expression of intergeneric genomes, and to assay on the molecular fundamentals
of hybrdization dominance. The results showed that in these recombinant strains the
recombinantal fingerprints of genomic DNA could be stablly hereditary and the
expression  of recombinantal CMCasc (carboxymethylcellulase) and B GLase (P
~glucosidase) could be compatibly enhanced. The diversity of molecular fundamentals
of cellulase hybridization dominance were (1) the compatible co—existence and
enhanced expression of some hereditary P GLase—coding genes from two parents in
recombinant 3b; and (2) the compatibly enhanccment of expression between the
hereditary genes encoding P GLase and CMCase from two parents, resulting in the
dramatic increase of proteins of corresponding isozymes in recombinants 3a and A, .
Based on these, a proposal model for the double synergism on ccliulase activity in
vitro and om its biosynthesis in vivo mediated by BGLase was suggested. A practical
method for assaying on the molecular fundamentals and the stability of hybndization
dominance of recombinants was thereby established in this study.

Key words Cellulase, Compatibility of heredity and expression, Polymorphism of
random amplification of genomic DNA (RAPD-PCR), Isozyme display and type,

Aspergillus niger, Trichvderma reesei
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