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Characterization of Xylanase from an Hybrid between Aspergillus oryzae var. oryzae and Aspergillus
Nidulans 514 by Nuclear Transfer. Young-ki Yang, Myeng-nim Moon, Hyung-nam Park and Chae-young Lim.
Departrment of Genetic Engineering, College of Natural Science, Chosun University, Kawangju 501-759. Korea
— Interspecific hybrids between Aspergillus oryzae var oryzae and A. nidulans 514 were obtained by nuclear
transfer technique. Several auxotrophic mutants isolated from conidiospores of the two strains were mutagenized
with ultraviolet and N-methyl-N-nitrosoguanidine. Optimal conditions for formation of intergeneric hybrids were
investigated. Frequencies of hybrid formation by nuclear transfer were 3X107°~1X107°. From observation of
genetic stability, conidial size, DNA content, and nuclear stain, it was suggested that their karyptypes are aneup-
loid. The hybrids showed 1.1~14 fold higher xylanase activities than parental strains did. The xylanase of
Aspergiilus sp. TAVD514-3 was purified and some of it’s enzymatc characteristics were investigated. The enzyme
was purified about 85 fold with an overall yield of 17% from the culture medium by ammonium sulfate fractiona-
tion, Sephadex G-75 gel permeation chromatography, and CM-sephadex A-50 ion exchange chromatography. The
purified enzyme functions optimally at pH 9.0 and 807. The enzymatic activity was increased by the presence

of Mg** and Mn? ions.
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B Aol AL.% 75) Aspergillus oryzae var oryzae
KCTC 2114, Aspergillus nidulans FGSC 514(Ade,
Sos )= PDA(Difco) AtHuljx|ef] 7}z HEslo] 30Cel
Al 497 A g F 4T BI{EAA AHE3kh
bAul x| 2= PDA WA & AM-31512.H, colony Z71&
Agat7) 98 02%9 oxgalld Arslgc) AR
= dextrose 10 g, minimal salt stock solution 20 mi/l,
FF wE dF 27F, 1283 colonyd Z7|E A
gF3l= sodium desoxycholate(SDC) 0.02%% & 3§31
Azsigict. A2 b e} FHAuA] o] A
21 A KCI& 06ME HA| Arlste] Algshict.
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A. oryzae var oryzae®} ¥ 2} (2 X 107 conidia/
ml) 10 miol 1%2] AE&o] HEF A4S A,
A A wx|o HF3le] 30Tl A 18X wi R F,
H75 sintered glass filter(porosity 40~60 ym)Z o
F}sle] wato} EAuk-g skt FHHE EAFHE
€ 50 mM Tris maleic acid buffer(pH 6.0)ol 54! 0.2%
MNNG £ 05m/3} &313te] FHEFxE7F 200 pg/ml
S|A &tod 30ColA] 25~30%7F HH(50% AE&)A]7
& YA1¥-2](2,600Xg, 15 min) ek FIH A4S
2 iR A kst thg w]dol EANEE FF 3}
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A AA wiR]e] FAEA A=Y (1.0X 107 spores/
ml)-& AEska, 30T A wigste A3 o, 0.5%
1%2] Novozym 234 $-d43} 2-deoxy-D-glucose(25 ug/
m)E 2glsle] 30Tl A 347t ¥Hs-A] 7] A] haemacy-
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el g, o] s a-g fAl-e] ek ¥ E pelletel

0.6M sucrose’} H719 SMC 2 m/-& 7}3te] A F=A]7]
%, sucrose discontinuous gradientell A& 0.36 m/&
7vek 29 A1E-2](Hitachi, 90,000Xg, 60 min) 3}3ich
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6,000, 10 mM CaCl,, 0.05M glycine, pH5.8) 1 miE %
A2~ A £33 oFS 30CellA 1087 vk8 A1 F
0.6ME AH3sle] U E xlufz) 9} )L FHAw|A|
2 oA, Haw| R o] 27 =dsle] 30T A 5~1047H
al F3hct.
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83 ¥ Giles® Myers(12)9] diphenylamine test
el w2} DNAS k& ZA3lch. £F DNA A&
2+, salmon testisell 4] $%3F Na-DNA type 1II(Sigma)
2 5 mM NaOHel| =24 o 2 L-3l% % 10% perchloric
acid2 F&3tod ALS-3H3
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phoresis(SDS-PAGE)E #§3}sich 17]%3F gel2+ 10%
polyacrylamide gel-g AH8-3l %, £F WA 2+ car-
bonic anhydraseM.W. 29,000), trypsin inhibitor(M.W.
36,000), egg albumin(M.W. 45,000), bovine plasma albu-
min(M.W. 66,000), phosphorylase BIM.W. 97,000)& A}
a3todct ALY A&7} stacking gele FH3717HA =
100V, 2 2= 150 VE ZFgFslger, 1/M7F 8
%)= Coomasie brilliant blue R-2502.2 JM3ti &
A 3}g]ch

Ammonium sulfate &%

AES ZEAL A 44 YAS FAAT)7)
9)sle] ammonium sulfates 2z} FEEZ I3PAA &
3-8 ZApsksch

Sephadex G-75 gel permeation chromatography

Sephadex G-75 gel& column(145X73 cm)oll 5213}
3. 50 mM acetate buffer(pH 4.0)2.2 A 23 v}s
AAAZ 28A L9 Hslsta 50 mM acetate buffer
(PH4.0)2 4247} 43 £5& A 3mlE s,
3m/¥ FEsiedich

CM-Sephadex A-50 ion exchange chromatogra-
phy

CM-Sephadex A-50< column(1.0X20 cm)ell %1%
t}-& Sephadex G-75 columnel| 4] xylanase &/4°] &2
B3ule wol k&sle] Halalgdr) gelo] AFHA o
£ il Ae H A7) $)5+e], 50 mM acetate buffer(pH
4.0) 200 m/E A #HE F, 04M NaCle] 3= 50 mM
acetate buffer(pH 4.0) 50 m/¥} 53¢ 50 mM acetate
buffer(pH 4.0)& ©]-43t] A vz 7&712 &%
gl 2455 AP 45miE 3y, 3miY F3
3t

Xylanase2| &4

A% xylanased A& A7) 913k, CM-se-
phadex A-50 columnellx £&% ¥IF ALEA
¥ Bk %o} centricon>® & AstL FF
AR F, Za g, X a4 4 X 229
ojsf, pHel <33k Fol29 J3F 5& ZAEAh

A o nE

dueaN FHWHOIFS &2

1%2] A2 A4 MNNGE zjste] B
o] 2 g-ut3l A= Table 10 vyeh g} A oryzae var
oryzaed e 379 EAWelF, & MAV 23(Lys
Met ™), MAV 77(Leu”, Val™), MAV 102(Ala" )& ¥=
st =, o]F MAV 102& o} & Ho|Feh: @ wd

Table 1. List of mutant strains isolated from A. oryzae var
oryzae

Back mutation

Strains Penotype Mutagen frequency
MAV 23 Lys™, Met— UV, MNNG 24x107°
MAV 77 Leu™, Val- UV, MNNG 23X10°°
MAV 102 Ala~ UV, MNNG 41x107*

Abbreviation used as follows: 1) MAV; Mutant of A. oryzae
var oryzae.
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Fig. 1. Effect of Novozym 234 concentration on the formation
of protoplasts from A. oryzae var oryzae (@) and A. nidulans
514 (O).
The reaction was performed for 2 hrs at 30C with gentle
shaking.
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mutation frequencyS ZA3+ A, A oryzae var ory-
e A= 23X1076~4.1X10749) $Fo 2 vehd
o] v)mA FopA|uk o] & WHelF F FHL A
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HYIH 8Y
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A 71 wel o)l &3 gl MEH EHEAQ Novo-
zym 2345 AHg-3to] A3E A7E Fig 1o Yepfigdoh
2 A3} 1%2} Novozym 23494 At o]+ Sac-
charomyces cerevisiaeS; Aspergillus oryzae| 4 0.5%(14),
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Fig. 2. Effect of concentration of different osmotic stabilizer
on the formation of protoplast of A. oryzae var oryzae ((J)
and A. nidulans 514 (N).

The reaction was performed with 1% Novozym 234 for 2
hrs at 30C with gentle shaking,

pergillus nigersll Novozym 2345 A2|d}si-& of, vie}
B} 3.97X10°8} 1.6X10° pts/mi(11)Hc} F& U3AA
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vl AREbAA Y FF9 FEd A Fig 2 o
eliqlcl. dubdeg ApEHY AT AMRIAAE
27194 %, AR ASdde ¢ 2 FYEF7F AHRAHA
A(16) 2.2 d# A glon, & A= 1% Novozym
2345 2217t E-9F vk A& wl, A oryzae var oryzae®]
22 0.6M (NH).SO,, A. nidulans 5149] 735-o4+= 0.6
M KClo] 71 $& 3% Jehgsich ojzidt A=
Aspergillus2s, Geotrichum<;, Penicillium< 52 73-%
06M~12M KCle] 714 aatdolele B.1(9, 20, 21)%}
Trichoderma reesei$} Penicillium verruculosum 2] 73-5-l|
0.6M (NH,):S0,7} 714 A ejzle Ry4)st dA=
L Folt) o] e) AnE Hwl TE FAbA 93A
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E 5 @FeA 2% vimd 43¥AA g4Ee) F2
0.6M (NH,).SO.& #HolS $3 ALF<HAAR AA 3
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JA-ge] WS 2% Zxbs Fig 3¢ vepd vie}

100

%04

No of protoplasts(x 105 )

0 30 60 20 120

TIME (min)

Fig. 3. Effect of digestion time on the formation of protoplast
of A. oryzae var oryzae (@) and A. nidulans 514 (O).

The reaction was performed with 1% Novozym 234 for 2
hrs at 30C with gentle shaking.
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Oerskovia A4S 347 ¢ A 3HS w(2) HHH
AAAES nodow, A nigerst T. reeseiol)| A Dricelases
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Table 2. Effect of osmotic stabilizer on protoplast regenera-
tion of A. oryzae var oryzae and A. nidulans 514.

Osmotic stabilizer Regeneration frequency (%)

(0.6M) A. oryzae A. nidulans
var. oryzae 514
(NH,).SO, 6.7 7.1
KCl 8.3 9.1
Mannitol 6.3 5.6
Sorbitol 5.9 6.7
HEAM A

Aot FAE dyAA = oA e FAAE A
Hojo} et UFAA Ay T3 e Fliols
LA} AIA EAFPEA AEH P F
Z27A% e & F dE ARSAAS Adelel ¥
4 9lr}h. Table 204 Yehd ule} o], E Ao+
A3 AA Ao AFAAD 0.6M (NH),SO.Ech= 0.6M
KClolA o & AP&E vglen, 1 AY&& 5.6~
9.1%ck o]21§F AL 0.6M Sorbitol2 A}-2-3}91 &
7A$- T. harzianum-& 0.68%, A. nmiger~ 15.3%, 0.6M
KCI& 2183918 A% A oryzae 146~13% ZATH14)
3 AR A%E Vel A onyzaed A 0.6M
KCI& A28t A% 15~25%9 AAE&E el
the A315)B o= @t} oedt Axs 45 wE
AN A-go] AHFerAA 9 Fiol wel A4 oES U
Frt

#{FHololl <8t EHES ¥

dolel] 93t FAHEE Sandwich methodE ¥
A7 WP e 2 A oryzae var. oryzaed °FQF dATE
2e & sFEegstn AARRN T LA s A ni-
dulans 5142 AFAAE FAA2 F PAAHE Y3}
3, g Aol 93t ¥HAA3 AbE 81 tH(16).

o
o
¢

wabs] 2 A3 PAAHREL oF 02%5 e
=], o|= A nidulans 5149} o} 3 FF7ke] A
3-8 4.8%21 T. koningii o5} Wola CUT 121
Apolol| o} 31%(13)Hrl= WFerer), A usamiie} A
oryzae *tole] FAAIE 0.17%(16) Rl B Holg]
o} oj9jzto] o FAAMHALL F7F FAAZO R gl
g Bk 5 fddlel g Aoz 47d
o}

BB 24

Table 3. Genetic stability of transformants.

No. of mean Segre-
Transformants Geno- __colony _ gant
type CM MM (%)
TAVD514-1 Ade™ 137 55 39.7
TAVD514-2 Ade” 154 38 247
TAVD514-3 Ade” 162 99 61.6
TAVD514-4 Ade” 111 17 153
TAVD514-5 Ade™ 101 24 238
TAVD514-6 Ade~ 137 82 59.6
TAVD514-7 Ade~ 129 51 395
TAVD514-8 Sos™ 137 55 39.7
TAVD514-9 Sos™ 113 17 151

Abbreviation used as follows: 1) TAVD514: transformant bet-
ween A. oryzae var. oryzae and A. nidulans 514

Table 4. Conidial size and DNA content of transformants
Mean DNA content/

Strains conidial 107 conidia

size (um) (vg)

A. oryzae var oryzae 7605 0.52
A. midulans 514 42+ 0.7 0.56
TAVD514-1 7.8+ 05 0.61
TAVD514-2 76+ 0.7 0.71
TAVD514-3 461 0.7 0.77
TAVD514-4 6.8+ 0.7 0.32
TAVD514-5 84107 1.26
TAVD514-6 76% 0.7 1.28
TAVD514-7 8.7+ 0.5 1.25
TAVD514-8 46X 0.7 130
TAVD514-9 6.8+ 05 0.96

AHolo] o3l Aozl AEe] §HA HAHAHES A
E3 ZA3E Table 3o Jehiied 9™ Fju)dl
23 #AH grEAe) 50% ol FAANEA = FF
Z TAVD514-3% TAVD514-6& EE31¢ic)

w3 2aFe FAARNA conidia® Z7]9} DNA
ek ZAslo] Table 4ol eligled] 2o )
3to] FAHFAEL conidia®] 27|17} 1.09~2.099
E FHow, QA U DNA TS wlusie £ Azl
1.09~2.32v] A% F7iste] PFAAZA Y o] ZFFo
vjsle] fAlslAVE o7 & A3E Bk olake) A
A2 He PAHHA] YL aneuploidZ FHE
gt o)Edt AL A nidulans} A. rugulosus 2 1
FEA A A 20~2392 =o] aneuploide]gchs B
= zlel7b Aot A nmigerst A ficuum L 1§
Aol A 1.6~22v] 27} o] aneuploide)ths B
(15)¢h= FAREkslc) =3 BTl A Ale]y
Az 44 DA ogabg vlwslr] $)sle] SDS-
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Fig. 4. SDS-PAGE patterns of total soluble protein of parents
and their hybrids.

Lanes, 1; TAVD514-1, 2: TAVD514-2, 3: TAVD514-3, 4:
TAVD514-4, 5: TAVD514-5, 6, TAVD514-6, 7; TAVD514-7,
8; A. nidulans 514, 9; A. oryzae var, oryzae, 10; Protein size
marker.

Table 5. Xylanase activities of transformants

Xylanase Protein

Strains P content
s e L
A. oryzae var oryzae 6441 188.89 341
A. nidulans 514 62.20 174.49 345
TAVD514-1 63.07 176.67 337
TAVD514-2 69.21 191.19 362
TAVD514-3 89.24 264.81 357
TAVD514-4 7141 213.16 335
TAVD514-5 74.03 165.23 327
TAVD514-6 81.47 253.80 346
TAVD514-7 7892 221.06 357
TAVD514-8 63.21 182.69 321
TAVD514-9 7112 119.78 356

PAGEE #3832 2 ZA5}E Fig 49 vbehigch

Xylanase 8T &3

Dol 3AANRA 9 xylanase & %—Zé?‘& A3

£ Table 591 ‘/}E}“ﬂﬁi-tﬂ PFAAHRAEe FTA ol
£-If—ric} 12~20 £& Aoz vehgu

Xylanase2| HH|

Ammonium sulfate £& 2} gel filtration Ammo-
noum sulfate® TRHZE ARAAZ £ 55~75%2 &
Zoll A AHE gulae kel 50 mM acetate buffer
(pH 4.0)2 =4l }-& Sephadex G-25 gelfitrations 3}
sl 98 AAT F 8BS SH ] £ A specific
activity = 210.0 unit/mge] ict.
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Fig. 5. Gel permeation chromatography on sephadex G-75
of 55~75% ammonium sulfate fraction.
The column (1.45X73 cm) was eluted with 50 mM acetate
buffer (pH 4.0). Flow rate; 3.0 mi/hr, 3.0 mi/fraction.
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Fig. 6. Jon exchange chromatography of xylamase on CM-
sephadex A-50.

The column (1.0X20 cm) was eluted with a linear gradient
of NaCl (0~0.5M). Flow rate; 4.5 mi/hr, 3 mi/fraction.
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Table 6. Purification of xylanase from Aspergillus sp. TAVDS514-3.

Purificati ; Total Total enzyme Total Specific X-fold Yield
urincation step vol (ml) activity (unit) protein activity Purity (%)
Crude enzyme 500 4236.3 833 50.9 1.0 100
Ammonium sulfate 3 2184.0 05 210.0 41 41
Sephadex G-75 11 1563.5 38 4115 81 30
CM-sephadex A-50 3 1010.0 02 43254 85.0 17
oA
g 0
g
23 i 201
104
° 2 A H 8
Mobiiity{cm)
Fig. 7 Molecular weight estimation of xylanase by SDS- 05 o )
PAGE. / N ) o5 10 15
Lanes, 1, molecular weight maker protein; 2, purified xyla- = em (ST (mgumi’

nase; A, Phosphorylase B (MW 97,400); B, Bovine serum
albumin (MW 66,200); C, Ovalbumin (MW 43,000); D, Carbo-
nic anhydrase (MW 29,000); E, B-lactoglobulin (MW 18,400);
F, Lysozyme (MW 14,300).
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Fig. 8 Molecular weight estimation of xylanase by gel per-
meation chromatography on Sephadex G-150.

The column (2.0X60 cm) was eluted with 50 mM acetate
buffer (pH 54). Flow rate: 3.0 mi/hr, 1.5 ml/fraction.
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= vie} o] 284 £ 500mlE FE] 55~75% am-
monium sulfate ¥ 3}, Sephadex G-75 gel permeation
chromatography, CM-sephadex A-50 ion exchange ch-
romatography 52 AAAA-E T dojA Ade =

Fig. 9 Effect of substrate concentration by Lineweaver-Burk
plot.
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Fig. 10. Effect of temperature on xylanase activity.
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Fig. 11. Effect of pH on xylanase activity.
®-@: 100 mM acetate buffer, V—V: 100 mM phosphate
buffer, w—w: 100 mM glycine buffer.

Table 7. Effect of divalent metal cations on xylanase activity
from Aspergillus sp. TAVD514-3.

Metal ions Relative activity (%)
None 100.0
Ca?* 86.4
Co** 704
Cu?* 83.2
EDTA 794
Fe?* 73.5
Mgt 150.2
Mn?* 1176
Ni?* 814
In?t 69.2
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