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Abstract: Breading of probiotic Aspergillus niger and its biological effects by N* implantations were studied. The activities of
protease of mutated strain Aspergillus niger ANO2 was raised from 75.8 IU.g™" 10 631.6 TU.g™' TU.g™"; the optimum factors of
mutated strain Aspergillus niger ANO was tested by the theory of center combination; That is medium bran 24.83 %, bean cake
23.68 % ,water SO %, (NH,),50, 1.49 %, fermentation temperature, 30 °C, time period, 66 h, pH, 5.5. The biological ef-
fects showed: the treatment of vacuum harm live cell; The survival rate of spores was decreased with increasing of implantation
dose and increased gradually when the dose of implantation was 50 x 2.6 x 10" ions/cm’ ; but that of spores decreased when the
implantation ion dose was 100 x 2.6 x 10” ions/cm’ ; There was high positive mutation rate when 30 x 2.6 x 10° N* /en ~ 80 x
2.6x 10° N* /cm® . The lager the implantation dose was, the higher the spore mutation rate was. The ESR results showed that free
radicals have existed in the control and increased with added implantation dose. The SEM indicated that the control were integrity,
while the surface of spores was coarseness, moreover the damage of ionic etching and phenomenon of dilapidating cell wall could be
seen, When dose increased continually, the damage to cells became more and more serious. Thus a conclusion may be drawn that
it is a effective way of breeding probiotics by N* implantation.
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EERFERIEN MG AT 2FRE MR
fiZ o, b B B (Aspergillus niger) RH R x4t
WZ—, IRHRY BMEFEEBY 5 WHELRE,
YA EANRECBSUVANEMERZLEE
AY, AT, BB EAASHBEHEREE S E
FEARR BTENEINTBE N EXERELE
7 [ B N BRI, SEBR Y PR R AL R B HHARR
i, REEMESEENTBRER T OME,

BATEATMHERRERGR RERES BT
ERRRE EETUHMAEYEFMN EEZXREERT,
BESRIEEBEARAERN A THYHEHEM®E
B, FETH, ARXBFN THRES FEATH
HSERPEMFER N, ACE TREBRSE, §E
H— A EETRERABSEAK, Mm%
i

1 #E5H%

1.1 &%

1.1.1 #XAF B (Aspergillus niger ) ANSI,
BB AR = 5 B R

1.1.2 #% #HEHEFHRFAPDA HHE"; ¥ MW
EERAERERLD  MRBRARAERERRE
MA1%BRIEY R BRI R B R RS E . EH =
1:1, & B K5, pH BR, FIAEFEANYH
£ 121 CTXH 20 min,

1.1.3 £ZXMMMLE  Poly-L-Lysine 3| 4 H
Sigma 72 7] ; ESR 3% 1%, 15 35 ER200D-SRC; &
BB, 722 s TR HXET,

1.2 FHi&

1.2.1 2RFEA&G4E& BEEEAHSE, MA
10 ml /K, HEEMHA/DMCETHEF, B Sml TH
ERE=MAME EPEFHEHRM 0 ml TEK, &

A1 PomsREEEALKE

BEARLEGA O min ZRAIE, BERER N ITH
BHFRIE], AmERF AR, ARRTFRES
2x10° M /ml ~ 5% 10° 4 /ml,

1.2.2 TFAERNNE HESLHEHTHEE
HHWE - FHEFHNEHERRTFERO. 1 m Y
SBRHEEEF O mm WNEEFTHEML bR, BT
BEETHIARNKF, ETFHEHSEE S, 451K
EHFE] 0 5,30 5.60 .90 5,120 5.150 5.180 s, R J5 HX
A1 m EEAKRT, EXHBE, BRKO0.1 ml %
FEHRFFENFMM, 517 30 C, # B 55 60h ~
70 h JEIHE, X BRE A AL,

BFEARRTFHEEENNE  EARHAESN

BXNBFEANNMEZEEFE 30 mn, FAN' BFH
IEZ] 10 keV, SRJF L 10 x 2.6 x 10” ions/em® * s ~
120 x 2.6 x 10 ions/cm’ *s BIF[ B X1 ¥ M _E T 47
FA, BUREZETEASs,AR30s~60s, UITERE
FEARBMN, SBRAZHANAESLE, A2
BFfEA.
1.2.3 RFEEEGNET BHBERTZIAFRA
BANBAIHIERG, BHLPbE 20 5E%E, &
RIEEIR 30 CIEFF 60 h /5 ,3% 10 WF/RERHE
Bl BEES SR L 30 CHE3E 72 h, W @ MBS MR BEIE . B
FERTHER 0B ERE, RZIARE, BN
1.2.4 REXSFEHRRETBEAGHRL RE
EEEEREEBEAGRE: UEEBEERIE
Bk TR AR AR, o 5 R EFIRE S RAES
pH BHE=BIEENZ A,

e R E R R E AR BRRE
PLAGRITRE, UEH. SKEFRRE=/1H
ENATE, UBEIWNERIT T =ZEXHOSH
R, 20 M abm Hebh BB RKEME 1,

Tab.1l Varation and level of central test

H £ K F  Level

Factors 1.682 -1 0 1 1.682

B Soybean meal (X;) 33.2 40 50 60 66.8

K Water (X;) 41.6 45 50 55 58.4

mBR% (NH,)S0,(Xy) 1.32 2 3 4 4.68
1.2.5 BEAME SBEAIFZ(001 F)MF  1.2.6 SEMAE# L4 BEBZEHER

R MEEBEYEABEHE,

FTFaEEA L %5, 882 50 mn, HEEKR
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EMEELREER, KT, REER ST
RAFBRTEAZEHEABRNZTH A EHEY 30
min, FAE KSR HEELLNWRFER, BRTF
BREEAZETERENRILEER TEHT SEM
MEE, N"HEABEEN 15 keV, EAFE N O(XT 1)
~10"ions /em® , R ELLHEA 10 s, [ BEEHE 3 50 s
~90 s,

1.2.7 ESRME#SHEY REBHLITFOHR
HETFEREYIRATERLY, EBEE AR
TRE#IT N A LBFEMEGFHAKEE T
FHEITSmg BFMAR, AT ESRMliE, N* EAfRE
BERMFER L,

2 GREHH

2.1 BREFBEFNRESFERSBEENY
o)
2.1.1 ABEFANTEZAARTBREGTH
ME1~B3ALLEE,ANS2 B REBERE
HF30 C,BETERTEYEERmE™8,; 415
FEETEIAE 66 h &f , D E AR EH A BB EME, E
B B B IE ST T M ERI IR R 2 pH AL TF 5.0
~6.0 Z [, EHERAREA, K EpHS.5 8

& o
600
400 /\
200

2 26 28 a0
Temperature (°C)

M1 FRBEAEEART GRS GERAYH
Fig.1 The effect of cultivate temperature on enzyme

production in mutative strain

Enzyme
activity(IL/g)

34 36

800

600
400
200
ol 1 1

50 o8 66 T4 82 90
Time (h)

B2 FRZFHAHEXARSBELGYH
Fig.2 The effect of cultivate time on enzyme produc-

Enzyme
activity (1U/g)

tion In mutative strain

2.1.2 BHFAMATRREFBHRSBERGY
% SAS6.0 ZH MPRAR KB HERE KB

BW:y= - 15072.24 + 146.96x, + 474.37x, + 1006.
95%, — 1.49% - 4.74x5 - 161798 , MR B EH R K
K :Fay =Sku/S = 11.5> F,45(6,7) =3.87,Fap
= Stun/Sks =9.33> Foes(6,13) =2.92, Hitt, Z4
REAULEE BRARE, At EBXERR
0.8716, RAKE R F R LI FHAE R Lx
RIS R T, EXT e iRy
BR—FWIPIFSHETE, REMER KA x =
49.3,%,=50.0,x,=3.1,

800
600
400 /’\

200

Lnzyme
activity(1U/g)

0 1 'l 1 —l A
32 4 45 5 5.5 6 6.3 T

pH
B3 TRALLpHNREBRFHERGT A
Fig.3 The effect of pH on enzyme production in mu-
tative strain

ZL, RHERSABOREEFRED B
B G M BiBREE =51.7:49.3:3.1, i E &k, BD
HHRBEPEFE 24.83 %. 5K 23.68 % BB &%
1.49 % JKIMEN 50 %,
2.2 MERTAEMBTRFEFEEZRNZMN

HEAAUES BHERFEEZASHE
TREENENER, BFEERAE TR, YHEE
ZHZMEED | min 6, KFEEMER S58.6 %, %4
HA AL T 3 min 8, KFERRA 37.7 %o

& 100
T 80
Z 60
5 40
2 20
Z ol I 1 L )
i a 50 100 150 200
Time (s)

B4 RFATHEANIHERTAEZEGYR
Fig.4 The effect of vacuum time on survival rate of

A . niger spore

2.3 N EAFEXNEFEERMNZN

ES5ER, SN BTEANEMRTF 20x2.6x
10" ions/em’ B , B B FHZERMEEANE
AIE R TR GEREL, EEMEFANBRE A, HF
EEEVEMXMELABE, EEANE S0 x
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2.6 x 10” jons/em’ B 2 F — BN R IEME ; K HE A
FIEEAKTF 100 x 2.6 x 10" ions/cm? B ATHE

s

$URE T, B LSRR AR TS, 0

B SO P T MR TR R A, L

2.4 N IAFENAFREENEN £ L - -
0 50 100 150

MR2ERTLUF L, B FEANER/DE,
TREMEENBEMMA, ZEREH, ME
B, ARTR-HER L AEE, EXBEPEH
FEF B 80x 2.6 x 10° jons/em® *s &L E

Implanted dose (inns/cml)
BS BTEANESISERTAELAYS
Fig.5 The effect of N* implantation doses on survival
rate of A. nuger spore

22 FAMEN EAAZHERFEERGYH
Tab.2 Effections of N* different implantation dose on mutation rate of A . niger spore

& x2.6x10° it K3 %) ER(%) R (%)
Implantation dose Statics Mutation rate Positive mutation rate Negtative mutation rate

10 5 0 51

20 15 5 102
30 25 10 154
50 45 20 253
80 50 35 156
100 61.5 23 38.5
120 60 20 40

v

A:: Control B:15 x 10" jons/cm’ C:60 x 10" ions/cm’ D:100 x 10" ions/cm’
B6 1&# N ZAZHEIET 21150 MU
Fig.6 Reactive SEM photograph of Aspergillus niger by N* implantation.

2.5 N'ENBHBRFLUMRGHBHNE

&A FeBMBRERT N'7E IS keV REE T, &
B AU 5 o 6 T T 48 A O P 0
’J//A\\M/,c RO, N EEARBAK, AR TR RN
_,,/\/_”

ARA R A R, R AR R, R R
HIRER, REN EANBHERTFRELBY
BOAW, s mEREMRE, 29 15 x 10
B7 K#EN EZASEZHERTFAOGASLE ions/em” FI & N* HEAJG, REMAREE N, MFE
R AL ERHBHAH B EGAG, SEAFEENE 60
Fig.7 ESR spectrum of free radical of Aspergillus x 10" ions/cm® B, 0 F 3R 1 2 B 1 B B 49 R B3 45

niger by N* implantation WL, A7RETREHE A SEMLE, HEA

A:80 x 10" ions/cm’ 3 B: 60 x 10™ ions/cm? ; C: 20 x 10* ions/ FIEHEMZ 100 x 10" ions/cm® B, FREH ik 8 —
a3 D: Control. ERE,MTERR AR EFEEENK,ERTH

G:ESR (I
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2.6 N'EAMEHBRTFHAHESENRN

HIERTREHERTEARABH N EA
8 h G TP B & ESR I MME, N'EA
BIAIEEAJGHA 8 i 2 ESR il —14  H X B4
BEHESBAB ST N EABKER. 55
FHEAFBREKR, T AKE B E ESR #ikmia
Bt Z AT K

3 itig

3.1 BREFEBEENRESFERSEERNR
i

BETEEAREIMEYEHIREREE, TK
(2001 FE)HRF-REABEMEMENL, BHE
B IR LA 40% KRN BedE, M Bk R EXF|21.4 %
A EAMEHBENERY, AR, FRBHE
HERBESELEH AP TFTEHE~B K3 E
KB 24.83 %A ARIE, ARMEVHRNES R
REMBABEINEEERERZ —, EEFE
FELBINENEGT, ENRRLENEAESN
ORI, FR B AT AR 2 B A THLA A R AR,
A VBB e, EEENE I AENE B
WA LUR AR R M EENBRT . E AR
(2001 E)HAFR LM, RHEFINARL 15 %S5
SR, BB RN =HAA; TOLRE LB R
BARE, BB HAEHBRIER, BREFM
BHN2.0%;MBERS HEANKREESLIA
BERMAMHEHERY ., S—3, 2R K 4% A5
BRERTRINE K 2.0 %A, BB R &I

K RMAEYERNEIOER, ERESKE
SR, ABPEREREREARS T, EBER
HANARTR,ABADE; SKBIR, BEFES
GEREA MAEFREEEIR U2 BB AES
MIEY . FREFRBEHN, HEFEETKEN 56.06
%t , BB R, A (2001 )R
HIEFERESKEN 56.06 %-FH—H,

pH BIEk A 7] 5 | Aol A5 49y o 3% T A9 R oT808, o
T3 E YRR, B GER 5 &
A HEY S FER, AT XA YA [ #
Bw, Wi, dERI KN pH A SRERED
SRR IR BN . REBMAD £ KK pH 75
BlR3~6, SH—F , AXEHTUEAEFRER
FEpHHNS5.5. KEHRHABAZRZG T EEMHGE
EEBREF AFTEHTEE L Asther 55 (1988
EVHREEARAE A KBE TR ™8R E K
B, ARBNNFTBRHER AR ERE

BE, R8N 30 C,ETFAERH. PG HRE
BREREREERMABRTE-SHE,
3.2 BERETHENBFEEENRIE

EBTFEARESBRP ATHERKETH
ERSEMNRFGEA X, FEEF (2000 F)HAE K
BHFMRBME, AR YR FEES P RKIEET 26
%B , R EEKRRRFES %, MRZEIEFF
FEAZE, RAKZRRBMABR EF,HETEA L
241 %" EZHESHBEIBR P GGREF
EAEDH KRG EE, £3(2003 F)HRE
MAS0%HMERB AR LIEEEETRHES
SEEETA R ED AN — E W #9 DMSO 4t
PR EA ST HRRRE, XTFE
ZHTHMM DMSO &— MK FH i, E 0 LAF
Fk,HAMM, SHRAKS FERSES K, BEE
WK BSSESTRENARAREETEY RS F
MHGEEER, EREDMRBETE FEAR, MK
(2002 B ) IEE A HMEB AR X A P BB BITF
FRIPFMR , E AT K3 5 min B, 727E B3R
FFE 90 %Ll b, MARFFTR TR, Hs P iest
AFIAIAZ] 3 min A, FEE RS 10 EFY . &
RERHERTFREGHEEEREN RN, A
ZEINBRYE W, YES P EEZ 3 min 6,77
EEMER 17 %, SHERENE —EHEE, X
AREHTEYNMMZAKERE. AREYZE
LR AIM S 0 K 2 R AR S 5 e 1 R F
Z,
3.3 BFIANFIENBFEFEEIENZE

KB FEALYFEERROEERNREGEE
S5#HEZIMBGRE S BHRP R ALY LH
wel, EBEFEANY,KNEETFEAREE
ERNEEETAN SR —RIIEE IS, F3 DNA #
b 24 AN A O A SR AL R B, Bh B fE A R E
BB 5T 5 20k, X A0 MO BE AU A R AT B A B KA
MG A e, ik, BB FEANBRK
FERT, EARNNBLER A YBFERERMK, SWE
LB E)VHAN HTH EFETELEEER
HENER, EAREMRT 2.6 10° ions/cm® B, #F
HMAIEEREEEATE MR 3T FE; EAN
E2.6~3.2x% 10" ions/em’ B, FIERAERF;
AFIEET 3.2 x 10" ions/em® Bt , B IER XA R
FEFRRNS, S (2003 E)HRBERT LM
A&, ARBHRG RUIEEL T ERigH £
FoEARE/NTF 20 x 2.6 x 10° ions/cm® B, B E
HFHFEEEEAFEMAMBRETRE, H3EAN
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Bme , FERELPFAB TR, BREEH, 45
AR E#— MK, FEREETE, FIE R
N*EAFRI BN ERDEIE"HE,
KREFEEFEANBHERTERBROECTF
1, 3 EAABRER I “RIPFE, FEMERG
SRTEAE T XF 40 M i 45 4 5 IR) B HE LAY B 16 I AR 58
BB ELEYEANSHENEFBENHNE
;BN EEFEREF, FASFHE™4E OH
BHEN/LE S, AEFHRSAEBRERE
SHRMERES, DS EDEESERPER N
MEFSEERNAT BB EPERBOGEE, XAHN
FREREIIEREE T B T R R, &R
KEMBERTEPSHEBN(30x2.6x 10 jons/cnt
~80%2.6x 10° ions/em®) , FEIERE —FERE L,
BRABERTEA, XTTEOREL - EAE
FTHRHBEEMERBTITUNIRGEE FERE
FEEAEABTHRPERRRENN, SEA
AP BARMBRSERETEEN, YEANE
H—FmAk  BEHHREHEREH <R FTESH
SERECRVRERR, WEFEARGRIE
ANBEEAERE. B FERAOBGE BT EYE
REREN BERTFHFRREXRET E, S—
®,ALBFEANEILE 120x 2.6 x 10° jons/en’
B, FAiE PR E] 0.69% AT o
3.4 BFIANAENBRFREZNZEW
EYPREFEARERSEARNEENEYE
Ko FEE (2 E)FAKEBEABFEAZRES
EPHNEER A, EETEANENEM, KEE
WEIFEEE AREREER , AEEEANEE M
i B e GE B, FRBREH,
FRHEEFEAREBOMK, ZEELFA MAER
MEREEZFE—HEHN L FHEH . TR
BRI EMRERE DNABE RS, RREF
ER UM BERAEE -HEGHEDNABER
g AT EFEERERT LI, BEEREHEM, &K
BCEERKFEERIN, BEERESRBEM, R
BEERBMH - A, DNA EER ST ER2H
17, B RIS T R, IE AR ot KRR A
3.5 BFFEAFEXBFHBEL MRG0
BEFEARBERK, @K Z MR GE™E,
R FEALEDV R, BB FEISIBEE
MBIt AEYENEERGRARBEZ M, EENE
B3, A S F B 2] 1k W AR A9 LA K
W, sh A E MRRKRE, AR T, H
ERGERSERRCYR, FRFBER Y,

BT MR N AR E /DT 15 x 10" ions/

e’ BT, BF IR E BE B R i, JLF K B2 o

B UEAR BB 60 x 10 jons/em” B, HF %

s 45 T BT AT L B AR B 3K B 60 x 10 jons/em’

B, AFEERERLE, ABERTFR, W Z 2

M EZMBRENRTFREEERFEYREULR

BT AREERGHNAER, AT HT

3.6 BFEANNENBFINEHESERNE
HHEEHRARRITRGERE, HEEEAH

EREDGSHBEAL S FREMB HEN B T

BERL,FESFHRRGIFS R BEYRGH 5

IE , A EEE K, E TS B ERED,

HREERH BFEARNEAKR . AVYUNBBER

Z ARBHHEREEEATEY ., YWEETE

ALYkt , B FHE A B B LM R FEF

MMENTE T AR E B FANEEEARNE

B, FREENKEG B AEUTREERAR

THEZRERMERIEBHER T, ENEAF

(199 F)AR LI, BEHEZRFE N EARNER

BMTMER “DHER ML BEARBEEE 4x10°

ions/cm’ B, B EIERE R W T M, 4 AR EHM

5x%10° ions/em” BF, HHEBEHBR L F, KB

HEDER MR 5HEE FRFER D EE M

KRN RN “DERT"FEANENHE

MFAEELRRGREY . FXRRAFHE

N"EAREREME BERFERENK, BEHER

AR EHEBRERMN EARNENEIMER"S

B HMANAR. GETESHFXBREANEZ

REEERAARX N “DEEREAR BT iEH

BE, GREAN BEER EARNENEERT

BB o )
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