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T 94 B A 0 ok DR 3 60 4 20 TR R ELTA
Puri 51 I 398 3 B4 3 7l 00 AW 25 BR
T ( Staphylococcus xylosus) , Norouzian DM E &
(Penicillium ) & B PEF i, — 2243100 X 2 il
B (Aspergillus niger) J Wil 48 Al 1 B A9 25140 L T2
ST TWRE, MEOCHE SR IR 48 T % 1R Bk e
( Cryptococcus laurentii )" = #h B ( Aspergillus
terreus) ' FEIM I EE (Aspergillus sojae ) ' ZE AT B
PRA TR HAT, H R R AR O 28 S
b, O T B0 TR (A B SR AN
{71300 U/ g Al i 1 57 5250 o B 4719427 78 A
ENETEI ST IV ST B A LR N b s TP )
DR R A i TR R B R R R T
PRI, & BRI %) ol B A 0 R R, 0T 5 HE 2 P vl
R0 SR ATATIR B BRSO AN

TERTIABIETE | AR S50 % ISR O 2 A1 1) 3t
SEBORE R AT B Shy 226 408 P Ttk D50 C T 5 7 L 7 1o
FHE—BRIAB (0 22 4R B IMUAbOSS , AT 523 i
MRS G T W BRI bR AT 2 7
FEWFFE AN IS Y BEAS KL, S JR S5 S
FHPEALELRS

1 MR %

1.1 ##

1.1.1 B Al A 2R TR RR IMUAbOS8 ,  Hi A
A RN EL SR e B A 1 b R AR AR &
ERIEFR IS R AT T LA Bz 7 A 22 5 1 e U 7 5 o
e AR K A B PR B R A T AR R e o S, O 2tk
1SRN AR 32

1.1.2  dE3RE. R 9R3OR F PDA B3R
FHF B RR 19 75 A5 WK 1% 5% 55 R A PDB 15 3% &
(PDA 53R B INBG ) , FH T W B iA  # IR Bl
(CA) AERFEREF (CYA) EZFIT IR (MEA) Figf
B T W R R U5 T S FE R T L A R 2
(g/L) N MgS0, - 7H,0 1.0, KH,PO, 1.0,
(NH, ),S0, 1.5, KCl 0.5, KNO, 1.5, /K CaCl,
0. 1 BEE 2.0 Al 11 2. 69 FLALH] Triton X-100
1.0% (V/V) , /K21 L, #14f pH 6.0,121°C K
20 min; B A REEFREE (g) Al E2 K3 1000 | 2 0F 3
150 ,Z& 187K 1000,

1.1.3  EFEiL 7. MgS0O, - 7H,0 ( AR) , KH,PO,

(AR) . KCl (AR) , JC/K CaCl, ( AR) . Na,HPO, -
12H,0(AR) ,NaOH (AR ) L& Triton X-100 , ¥
RHRE RE O —% 2 B0 T E 2 L
R BRA A Al R R AR S AR
(2l =98% ) W T V9L /N Y RHE A R TR
Al HEE 2N (B354l 1T TEDIA company, Inc. ;
P RE L R 2 DNA S BGR ) 6 (B0 AR 1 TR AR
AR (b aT) A PR 2w DNA B 101 0 i 71 &
DWO02-2 Jirhi/ N $E B0 & L ANTPs | Tag [ .10 x
PCR buffer Y08 T 7 N ZR & A= W) B A BR 28 w5
GoldView #ZMR G kI T It 5t B8 1 B L R H A BR
2NElL 514 NL1 5'-GCATATCAATAAGCGAGGAA
AAG-3'; NI4 5'-GGTCCGTGTTTCAAGACGG-3', Hi
T S A R A PR R A
1.1.4 EZREMT. 0 THEEERRIEEARR
ol BRFLEA 6 Al A 5 466, 9 we/mL pH 3.5,
W 9. 1%
1.1.5 HE® FREMR LT EHE, BRE
AR IF2E 60 B, Al 17 41, 2 mg/g,
1.2 EEEXE

ST e Hong! ' $EAE M 7 15, WIS IE &
WLEE R FH = 5 S 423k 3 i #EFh T CA L CYA [ PDA |
MEA B3R 3500 |, T 28 CHEIRIG IR 3 -5 d WL,
MMATE MG R A 7 35 725250 T PDA #5573,
28CHEIEKTFR 3 -5 d MER,
1.3 28S rDNA F%IH PCR ¥ 38 F 5tk Xt f1 &
GZEBEDH

JH PDB 3537 B85 i 15 57 IMUdbO58 , Yt £R Xof %X
A I TR AA, VR ZEUIIT I il B | e T B JE L 41 DNA
PRI S A UL A5 5 BRAEHL IMUADOSS TR Bk 1) 5
RIZH 5 DNA, I DA A AR R H 28S tDNA 138 ]
5149 NL1 F1 NLA X 74734 . PCR 4440 .94C
4 min;94°C 1 min,50°C 1 min,72°C 1 min,30 &
5 72C 10 min, [H ¥ PCR 7= ¥ & th % &
(Tnvitrogen ) A= 91 £ AR A R 2 w100y, I 3 45 SR 7E
GenBank _I #F 17 [A] Y L XT, 32 ] MEGA 4.0 H ¥
Neighbor-Joining (NJ) 7L R G K B,
1.4 HWEBIFIANEE
1.4.1 BEKEE RHILREEFRIE W 30 mL,
P 10% $E R AP T250 mL =3 ( BRI T H 2
ODgo 4 0.2), 28C | % # 190 +/min £ i K& B
168 h'"' | REEH T 4°C 15000 x g ¥4 50310 min,
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HCEVE W RS A AR U, H%¢ 1.9 HEAT G I,
FH 25 SO A €8 T 0 5 Al 2 P 3 1 O
1.4.2 BISEEE RS LI, 2k 10
g LAl mLIERRERN T-250 mL =/ (240 T H &
W ODy 4 2.0) ,30°C %2192 h'7 ") 1100 mLFy
BEIR-BE IR A — AN G2 vP R (pH 5. 0) B 14824 h, &
PEUE 40 Hh uE, B8 WK T 4°C 15000 x g ¥ TR B L
10 min, B35 B S & B B, # 1. 9 AT
it S, FH e SSCB0AE €E TE 00)  ly J2  F) 3 A 1 O
1.5 hEER/KFFIEIE % it e B Fit e

FiE 1. 4 (W75 53 )25 WS TR AH NV AR [ 285
KR, o S R R B 2 e i Je , H
HPLC 5005 il 7 Wi 1% 77 243, 2 U/mL, [ 35 A& 15
FHE W 28 HPLC 32500 5 B 05 7 M 113.4 U/mL, U
0.2 mLAH 1. 8 mLI{ R AR &, 50°C {6 7K
TR N L h, 4% 1.9 R 807 5 FH v A50R A
AT T 0 A B %) o A O
1.6 FRIEXTERE IMUAb05S 4 it Er B 22Nt s

P A T L it 355 73 5 A B 2 AN 7R | f 5 Ak

VR 1.5 /L, 43 B LAA Bz 1 A5 0% T
WPETER AFAE R RERE L H I AT A R
TR R Hh H RO ME— R UR 4 1401 SR
RWET2 b R AR i AT B R o-L-BRZEHE T
A
1.7 RIEXTE#k JMUb05S 4y ibh £ g A4 52 1 &
R

RE R A T L At 3 77 A B AN PR AR
JEHE N2, 0 o/L, A S ABEREE B A B
Dk EARIE BRI RN A — SR SRR Sk
WHEDRIF] 1.6,
1.8 E# JMUdb058 MEEE L B~ BE IR

Z I N AN SRl R B A R AR AR Y S
kTR SRR S b A G R R, FE R Y
AR ok B O AT e (R 1) Horh RS K
P TE] R 168 h, [EIAR R WE R 192 hy REES A e 1. 4
PR At TR TR, 0 ) o e 80 A £ 3 1
(M5E o-L-ERAHE 1 B B 17 B35 ) A1 Davis 4356
G RE VR A I I T

®1. ATNEMEBRBENERE
Table 1. Media for investigating the naringinase-producing capacity of JMUdb058

No.  Reference Mediumcomposition ( g/L)

Fermentation condition

Mendoza'"”’ pomelo peel powder 1000, (NH,),SO, 100

2 Mendoza''" pomelo peel powder 1000, soybean meal 150

Solid-state fermeatation at 30°C
Solid-state fermeatation at 30°C

naringin3. 5, comn steep liquor 4. 0, MgSO,-7H,0 1.0, KH,PO, 1.0, KC1 0.5,

3 [l submerged fermentation at 34°C, 190
Wu CaCl, 0. 1, Triton X-100 10, pH 6.0, sterilized for 20 min at 121°C submerged fermentation at 34 L., 150 r
4 Puri! Ctlm-l; P:;efll P;)\Srv'dc%"l Ot,lzpleol():lonc 10.0, beef extract 5.0, NaCl 5.0, pH 5.5 submerged fermentation at 30°C , 200 r
sterilized for 15 min a
5 Kumar'®” naringinl. 0, rhamnose 5. 0, peptone 2. 5, glycine 0. 1 mol, pH 4.5, sterilized for submerged fermentation at 28°C , 180

20 min at 121°C

1.9 HEEEHNNONE

F HPLC & 1 Davis ¥ P J7 35 0 22 i 15 7
Horpr HPLC Ty 3wl 2 300 7 A 1 B335 g 19 () B 0
H o-L-BRAWEH BRI TS 1, BR 1.8 Hr[F A H HPLC
H Davis 200 % B 16 71 56, A0 5% v K w358 45 1 1l
% S ¥R HPLC JiEiE .
1.9.1 SRmAEEE X EFZI. 0 mLil iR
WEVR TR (250 pg/mL) 5950 WL AT 15 FR - R Sl — 40
W (pH 5. 0) RA, B T 50°C 1H i AH PR IRS min,
HGHE I ASO WLEFHA R, 50°C 6 I 48 th KW S min &
S BT 100°C W 7K i o 20 min, TR ¥ A,
15000 x g %5 .0> 10 min J5 0. 45 wm & B 5 38, F
HPLC 007 A J 17 Ml R & &, 25 FIA IR DL

TG R R A, ¥ 3R e

K Waters 2695 & %0 AH 2 1% X ( Waters
€2695 Separations Module , Waters 2489 UV/Visible
Detector ) S Symmetry < #H C18 #F (3.0 mm x
250 mm, 5.0 pm) M SR R B RIA R 2R Y
T, MAAHAK(A) HEE(B) (LI (C) Vel &
£50 =4 min A:B: C=95:1.5:3.5,4 —20 min A:
B: C=5:28.5:66.5,20 —28 min A: B: C =95:1.5:
3.5,28 —32 min =95: 1. 5:3. 5, Kl % K280 nm , #F
FEARFR20 L, AR 35°C

il 3 B 5 SL . 7E 50°C pH 5. 0 YA TF R
BT min JHAED wel B8 BT HT 09 o-L-FRZEHE H B Y
i E U —A o-L- BB IS 1 507 (U) 5 42 L
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1 gl B2 2 BT (A A i %) 2 SO — Al S
I EPAQIDIN
1.9.2 Davis 3%: 2 1 Puri'® % )5 35, H0.9 mL
0. 05% Hh Bz A AR MEIF W (W/V, pH4. 0) 5100 WL
IR G457, BT 50°C 1H A PR IE60 min , HUHIE
H100 WL 5 B I A 90% — 45 — 2 — S5 ml.,
4 mol/L NaOH & ¥ 100 wL, ¥& 5] J5 T 28°C 141k
10 min, 76420 nmif & W WO EE WIS )
FE SCHTEIC WA R T IHFEL wghill K1 i /5 B Al
T,
1.10 A¥EHNE

BERE K R 2500 x 5010 min , BUITTE FH
ZEWKVES 3 BT 105C Mt TR iEHE , B HE
FREE
1.11  Sitah

R FH SPSS17.0 # {4 (SPSS Inc. H, Chicago,
IL) THESE I FbR I 22, JE X 45 R T 25 7 W 2
PEHT (P <0.05)

2 #R

2.1 HE# JMUdb058 RIS 22

FE JMUAB058 7 PDA % 3% 3 | A= K i
28°C 1383 dEVE HARIA3.0 —4.5 em, i B, &
225 RN Ve o F2 4 A N N N U S S I U E2 o
o E I AT Sy N N AN LN NG - SR R 1T}
I, WYE R A TR, T3 G 7E MEA K573t
ARG, 28°C 15973 d TR A HA23563.0 4.0 em, B
AR LN - T4 % N s NN N LN U S e E2 S
I IR, O SRR O B A %%
FI e 5 G 2 i DU R e YR R A TR,
TCB MW AF CYA Rie st AR Kl 28°C 1573 d
T EARZ94. 0 cm , TR 7% 50 K% 10 5 22 000k
TooE Ve O R T B IR A %
o FEELA 6, WIE R A TR, 8B MR 7E CA
Rt P ARS8, 28°C 15 555 dIVE R M5 -
3.0 cm, FEYE O M DU R 2R T2k S CRIR
Mg, A KR A e, 5 R m e R AT
By, TR S AR

JMUAb058 Th & w) A= i BRI s Ik, J5 2Bk
TE B IR T, BA250 — 65 um ; 76145 25 TG {6 501K 48
RV 5 43 AR AT B S R iR 4 €, e A

KA fl 28, HARS wm, B AR T/ T30, /)N A5
2, R E,

Bk IMUAb058 1Y B 75 JE 285 R0 i U S 476 ith
BEJE P REAETS O] B RE X W R A i B
(Aspergillus) .

2.2 TE ¥k JMUdbOSS £ 28S rDNA F 3o & &
SZEEW

FH514) NL1 Fl NL4 %} &% DNA #4471 PCR
Pat 5B TE 2 600 bp Y IG 4, [E W
K 620 ANRIELLAL, A FH BLAST #4445 7 15
FEH P (555 M JQ301899) 5 GenBank H1AY 7
HIHEAT R 2 A, 45 3R R B Fk JMUdb058 5
ool 2 0 [5) A 35 100% |, 5 5 il L R B
(Aspergillus carbonarius) SRR EIRYE N 97% . IR
SEX LR IT A 34T 2 77 S DL L L X, 3 18 MEGA
4.0 MM ERGERKBR (B 1), 45 R K]
JMUAb058 {7 T i B J& 19 73 B T, 5 Aspergillus
aculeatus NRRL 360 ( EU381181) M R4 K B X £ i
R EEY)AUEE IR F] 100%

HRIEIE ML 28S rDNA FE41 L X 704 LA b 2
BLR B HTEE AL, DR AR IMUAbOS8 45 7 il
J& BB B (Aspergillus aculeatus ) , iy 45 A A6
% JMUdbO058 .

2.3 WS JMUdbOSS i E EiE HI8IE

R Bl o-L-FRZS W5 i A B-D -4 45 W 17
it P i P P A 5 1 RE B R S b AT R
IK AR e L A o L-RUERE MR R
ol B A K A A R T A R, S TR B-D-A
RPN 0 A T 10— 25 K A A 1l e Bz 28 R 4
BT HSE E FFILER R P S SO €k
DU R A 08 43 A R 77 B 2R A A B, DT %A
A 5 S HEA T IS A

P P 2 FTAT, TR A i Tt R (31 265 4 T 7 o 7
) AR REL RV 350 P /K gt Al B A v A B 7
Tt 2 2R, U BH X A B IMUAb0S8 547 A 2 [
BRTERIR = Al B, 53 4h, F HPLC 15300 7 il
T PR I 25 e T NI O B R A T R o-L- B
Z W AT AR I A 35 T B R ) TR A 2 1 A R
TR AR i FL TP -1~ R 2 W i R e I 9 75
4351 899. 0 F1243. 2 U/mL( PiFh S /1 1Y {8 H
3.70) , [E4S K T ML B oL B2 0 T R A
W T F143 0K 663. 3 F1 113. 4 U/mL( PiFP G /)
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HILLIE Y 5. 84) .
63 Aspergillus japonicus NRRL 35494 (EU021605)
0.005 99 Aspergillus aculeatus NRRL 360 (U28829)
100 L Aspergillus aculeatus NRRL 360 (EU381181)
IMUdb058(JQ301899)
Aspergillus niger UWFP 696 (AY216672)
97 Aspergillus tubingensis JP-1 (EU867248)
92 L Aspergillus carbonarius NRRL 369 (AF459732)
Hemicarpenteles ornatus CBS124.53 (JF922043)
93 Warcupiella spinulosa CBS512.65 (JF922027)

100

Emericella fruticulosa CZ032 (F1755267)

B 1. E#k JMUdb58 28s rDNA 73 R R B
Figure 1. Phylogenetic tree derived from 28S rDNA sequences of strain JMUPdb058. Numbers in parentheses represent the sequences’

accession number in GenBank. The number at each branch points is the percentage supported by bootstrap. Bar, 0.5% sequence

divergence.
(A) ;
LlI;()HO OH 2 CH,HO OH
151 nﬁ(%/ow@ 3 uﬂ(%o o
\ C .
“‘(I)“ 7’\].07 ? o-L-rhamnosidase | HO: b B-D-glucosidase
1.0 H e on o Tt
5 OH OH o T - OH
< 051 a-L-rhamnosidase Ho o.
’ naringinase {
00 B-D-glucosidase OH O
’ T Ty rr T ryy Yy rrr[rrrr[ryrr[rrr[rrr[rrr e T
0.0 2.0 4.0 6.0 8.0 100 120 140 160 180 200 220 240 260 280 300 320
t/min
(B) ]

==== Before enzymatic hydrolysis

—— After enzymatic hydrolysis

AU
o O
(IS
LEELEBENNERERENERRRES
s

00 20 40 6.0 80 100 120 140 160 180 200 220 240 260 280 300 320

4
t/min
© ] 1
1.0 1 : ==xx Before enzymatic hydrolysis
081 : — After enzymatic hydrolysis
NE : 3
< 041 )
0.2 ]
00 - ; . : ; ; . . . : . : ; . . :
0.0 20 4.0 6.0 8.0 100 120 140 160 180 200 220 240 260 280 300 320
t/min

2. R E JUMdbOSS fifiH B HE B B K 4l B2 H HPLC
Figure 2. HPLC chromatogram of enzymatic hydrolysis of standard naringin to prunin and naringenin by the crude naringinase from Asperillus
aculeatus JMUdb058. A standard naringin (1), prunin (2) and naringenin (3); B: naringinase of submerged-fermentation; C:

naringinase of solid-state fermentation.
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2.4 WS JMUIbOSS B /K RIS R E R
TR

TR AR AT B KR P AR KR
IR R T, ST 5 A e v BE Tl
11 (466.9 pg/mL) , FECRI HA R K,
B3 B, PR ik e TR A 30) 1 A il 22 ] R
SETT Hh R B K S T B2 3R, 50°C R K% 1 h

===z Before enzymatic hydrolysis

Al B H 22 BRI AT IR 95% LA L, HLA HH 7T 58 %
AR T v R Rl K 3R, Bk B AR Al Bz R e ] 5 )

a7 R . X UEWI R BR IMUdDOS8 F Al
il Ry R P T , R TE MR IR R T T (1 s vl 2
I pH 3. 5) ARG L BRI A B, RA R
U BN HIEL

—— After enzymatic hydrolysis

(A) :
2.0 1 :
1z 3
1.5 :
o H
= 1.0 E
0.5 H
0.0 3 p....“‘- " e e rlona W, = LU,
LA B B BN B L B L BN BN BN BN B BN B BN B B
0.0 2.0 4.0 6.0 8.0 100 120 140 160 180 200 220 240 260 280 300 320
t/min
(B)
2.0
1
1.5 1
-} ]
=z 1.0
0.5
0.0 Joasatess. PN P PP I e
T T T T T T T T T T T T T T T
00 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

t/min

[ 3. ®7 i E JUMdDb058 1 Fr e 1A A B /k #R 3R 2 B Ah R it PRI R H HPLC B

Figure 3. HPLC chromatogram of enzymatic hydrolysis of naringin in pomelo juice by the crude naringinase from Asperillus aculeatus

JMUdbO58. A: naringinase of submerged-fermentation; B: naringinase of solid-state fermentation.

WRE X Bk 76 B B JMUdbO05S 7= 4 £ B AY 220
W 2 foR M UAEEH M SR
B A M — B UR S, At il A IMUABO58 1] AE 4 343
WATH i, A K S A R T LR AR AR K R RS
o-L-5R 2% 0 L BT G RS A s (a0 R
180.6 U/mL . 34.2 U/mL) , DL 57 5 Ay e — B Y Bsf
PO A Wy BT G WA R B I T B, AT R
TR 7= A TG 50K 5 T LA B R PP AR SR (2T
LR R AT PETER | Hh R ME— R At
B JMUAb058 AT A= (HANBE A UM 1
2.6 FEXIHEE JMUAb0SS F=HhE BRI S0

W 3 fr s, AR Hh &2 IMUdb058 7R 5 1Y 6
AR LB AT AR B AR S AT FILCTR B 53 b A
T, I LABR R A FR B A T & o R A
AN VA Tl 5 R AR 11 R A U ) TS T e, oL

B2 W A V5 H 191, 1 U/mL, Al 4 B 35 1
31.9 U/mL,

2.5

% 2. BRIEXTERALE B JMUAbOSS 7= Al E B A 400
Table 2. Effect of carbon sources on the production of

naringinase by Aspergillus aculeatus J]MUdb058

Carbon o-L-Rhamnosidase Naringinase Biomass/
sources activity/ (U/mL)  activity/(U/mL)  (g/L)
Hesperidin ~ 180. 6 +21.9° 34.2+1.1° 2.04 £0.27"
Naringin 112.3 +24. 4" 17.3 £2.9" 0.80 +0. 19
Rutin 61.1%6. 3" 10.7 1. 1° 1.10 £0.27"
Rhamnose ~ 68.9 +10.2° 3.6 +0.3" 1.01 £0. 10*
Cellulose 0! 0° 3.20 0. 12°
Glucose 0" 0 1.88 £0. 12"
Pectin 0" 0 1.36 £0. 42
Naringenin 0" 0° 1.76 0. 52"
Starch 0" 0 1.64 0. 14"
Glycerine 0" 0 0.81 £0. 14
Citric acid 0" 0° 0.62 +0.22

Values are means + SD, n =4. Means with different superscript letters
within the same column are significantly different (P <0.05).
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3. WIREXTRRALE E JMUbOSS 7= H B A 00
Table 3. Effect of nitrogen sources on the production of

naringinase by Aspergillus aculeatus J]MUdb058

Nitrogen a-L-Rhamnosidase Naringinase Biomass/
source activity/ (U/mL)  activity/ (U/mL) (g/L)
Tryptone 191.1 £11.5° 31.9£3.6" 1.36 £0. 12°
Soybean meal 41.2 £10.9° 13.5+3.5" 1.68 +0.21°
Yeast extract 81.2+18.4" 1.0£1.3" 1.48 +0.17°
Corn syrup 32.9+2.3° 3.9+1.2° 1.38 £0. 23"
;\u'{'}:g‘e'”m 0’ 0° 1. 40 £0. 32*
Sodium nitrate 0 0° 1.50 +0. 42°

Values are means + SD, n =4. Means with different superscript letters
within the same column are significantly different (P <0.05).

2.7 WR¥IHNE JMUAD0SS HEEE A BERE NESER
FURIT, 00 Al B S 77 1975 1% 2286 Davis
ﬁ\%%g% ( Davis \721‘:\‘) [4-9,17-18, 20, 23,25-26 ] %n%,}—‘(ﬁ
VRAH TR (HPLC ) 1012020 270 1 = 38 o Al 4
BRI 77 B 1 RE SCANTR], S Re £ il 25 JMUAbBO058
Y K W AR 7 PR BE 5 [ PN A 0 AT H A, I 5

o 7 A il 1 % R BEAE AR I 0 S5 1 R AT R T
I35 HPLC 1 Davis 3250052 fh 1 BES 77,

TR i A IMUAbOSS [ 245 & % 7™ Bl fig 1 n 3k 4
Fiz, A1 RS S5 3 1 MRE 3R 4k 2 gR AT 1 25 & 1,
HPLC & Wl % o-L-BR 2= 05 H Mg 36 1 20 %l R
5903. 1 U/gds F14450. 5 U/ gds, 4 f 15 F1 401 4
1939. 3 U/gdsH11753. 4 U/gds; JH Davis 7 #5411
fitg 5% 71 43 5 kg 72232.7 U/gds 1 65447.2 U/gds,,
Mendoza' "' FI| FH 52 th 5% (Aspergillus foetidus ) VAR Kz
SRy 3R o 1 285 2 AT 1 , Davis 150754 T BTG 1 A
2.58 IU/mL (45 58 A SC g W & L5
11233.2 U/gds) , 741" B Aspergillus niger 7ZG86
DLEE Ry [ 25 % A5 BI04 1l 1 S O 455 R
5000 U/ gds; % Henl 0, 7R il 22 IMUABOS8 [ 25 &
TE 7 Al il Y B 0 G832 s T H RTAH GRS 410l 1 T
KROP= WG 1 2902 A, foetidus 1Y 6 5, J& A. niger
7G86 By 13 f5,)

R4 BIEAEMmEHENIEER

Table 4. o-L-Rhamnosidase, naringinase activities in different media and references by solid-state fermentation

Number of medium a-L-Rhamnosidase (U/gds) ~

Naringinase (U/gds)

Conversion formula

and reference HPLC HPLC Davis

1 5903.1 +135.0 1939.3 +9. 1 72232.7 +231.7 -

2 4450.5 +54.0 1753.4 +29.2 65447.2 +100. 8 -

Mendoza, 20107’ - - 11233.2 2.58 TU/mL x580. 53 % x75 mL/10 g
Zhao Wang, 1996 - - 5000 15000 U/g soybean meal x 1/3

Values are means + SD, n =3. “ U/gds meansone unit per gram of dry substate. “580. 53 is the molecular weight of naringin.

BRAL T EE IMUAbOS8 YA & I 7™ Bl g 1 X B
mE s Fros, KBTI Puri'  Kumar ™ {4k
() 85 97 BE B 2% 1 E AT WA kB B R A6 il
JMUdb058 % % 1) o-L- KR 2% 0% 11 W 05 7 20 0
338.6.154.6 .154.9 U/mL, HPLC ¥ 2 B9 fifl 71 B

% 14359059 82.0.39. 8 17. 1 U/mL, ] Davis ¥
%)l 8l 95 7 40 ) oh 3811.0,3658. 1 U/ml; 5
Puri'® | 2 XY SR e, A R B IMUAb058
VRS & P A P A A (L TR Y gk
SR HRES O A Y B AR

RS BEREBMEBRENIEER

Table 5. o-L-Rhamnosidase, naringinase activities in different media and references by submerged fermentation

a-L-Rhamnosidase (U/gds)

Number of medium

Naringinase (U/mL)

Conversion formula

and reference HPLC HPLC Davis

3 338.6+7. 1 82.0+1.6 - -

4 154.6 3.3 39.8+3.2 3811.0 £12.5 -

5 154.9 £2.8 17.1+1.5 3658.1 £76. 1 -

Shengshan Wu, 2010 994. 0 276.0 - -

Puri, 2010 - - 5166.7 8.9 IU/mL x 580. 53
Kumar, 2011 - - 10031. 6 17.28 1U/mL x 580. 53
Kui Hu, 2003 - - 1282 -

Chongde Lai, 2005 - - 955.6 -

Ling Chen, 2007 - - 770. 06 -

Chen Zhang, 2007"" - - 342 -

Jialin Zhang, 2008%) - - 429. 09 -

Anfeng Xiao, 2010 1133.0 788. 42 - -

Values are means + SD, n =3.
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3 it

IR IMUAD058 283 25 WL FIAZ IR e 41) 3 M %
FE M BE (Asperillus aculeatus) , 53R BRAE ph 2
BA W MAMEE, (2 H T E NS 8 A DL th 25
PR AT TR |, AW 5T A IR it R RE A5 4y
WA il VRS | [ 25 A T T o A T 7 ks X T T T ot
PRRR A TR T, LR [ 285 & W 2 AR T HL 7 Al il
HE 715 E N AMIRE A F R AL

Al A AR SR R 0y Ok R — | AR
K FP R B R B4 20 mg/ L, 24 SR T ep iR R
HIAF130 me/ LI, SR EPHE A R KR Z KR
FA SR rh A B S AR TESO mg/LLA | HiR
A R R MR A SR T A XU RN T
WX IMUAbOS8 HEAT W A 38 2 [ 25 A W, Hey™ 2k
(R T A B 08 A7 00t 7K e 2 33 AT b A e
245 A UL h 2 IMUAbOSS Al Bl ALH &
B AR A D), o — PR PRI Y BRI
(AR PR EE T o 280k 25 R A A SR v R A B 1

Rl A H S o-L- R 2 T 5
AL i A IMUAbOSS 73 WA A 16 , 17 7 B I AL A
HIEHE LR AR RIS MR TR TE RS |
HM A 00T AT, T AT AR R AEUR 23 DA il
IEAIEFE A5 SR 3R A At Hh 8 TMUABOS8 78 Al 1l 42 1
AR B R R A R AR S Purd > X
T B — PRI T W A R — 3, L e S SN 0
T K A = W) SO MIE 175 T 5 T He Al e A
Bt SR a-L- S BRI A 4514 22 5 0]
G R A S R B AT R A S a5 A
SR TEMA LA a-(1,2) 58 a-(1,6) B
A a-L- R XY S o-L- 2R
LRV RRIE AR B A UM AL il B2 3R A i L &1
e R AR AN A VEVE R SERR IR AN A B2 AL
HH S AT I 7 RO R e R R o-L- AR S
OB BC AR I P BRI 5 IMUABOSS Al it 2 [
FEIR ) IHEY oL, BE A% e A T T i PR 1) BELAEDIR 28
TESE R AR v it A BT eI R 75 e el il
PRIRIA o %4 U 78 A DG i 5 b A5 31 T IR 5K
Kumar ™ 38 T 4% K1 5 F 1 MR RS 5E 5
Aspergillus niger VBO7 77 /F= #ill % B, Miyata* |
Tamayo—Ramost] PE B B2 T o-L- B2 M 1 il 1
PR R R TR K- D380 A B Al H

ZEAAT BRI S WA Bl A PRV E A 22 5
AHFSE K BRAG K AT |l B2 1 X AR & IMUdb058
AR 1 35 S S T AR DU B A R F - -
SRR A0 7 A e T S AR X A 5 Kumar' ™)
TEZ AN F YR Aspergillus niger MTCC1344 Hif]
T 7 S P 5 M o A JULAVRY B 35 8 A il £ A
15, BRI Z A e 1 ek

R A P A KA ) 25 e [ R A AL
RUE A 5 W IERR , AT A& i FE b e
i N PR U T T 10 2 B, AR T R I
R AR AR M AR & A th 25
JMUAb058 Bsf At il iy 7 2t WY 38 e 1 At 805 ( 4
YRR B IR A K SRR BN, AR
TR, 1245 58 Ul B I = S5 R =5 1
B HVEIRAEAE S A 5 A, L2 RS Puni
WFFE—2, ABFGT R FH B B R B i 1R kR G
PUAR RS 77 At i 2 IMUABOSS A< K6 0 21 5 Al 45 it
ol o-L- B2 W 8 1) 6 1, 5 R 56 SOk i GE R
[] o T DR AT B 2 L 36 4 A 5 vl ) e U A 3 AT
(1.5 g/L) ANREF T 4E 35t 1 07 18 R AR
H ICHUEIE e Ak Ay 2 R 5 T AR o 1) e o B i
HYL T T T B A SRR AN A, TR T
Y il 10 5 5 224 484 A il Y 1% VR R B, VRS R T
(3.5 /L) 1Y o-L- B0 7 1 (338. 6 U/mL) Bl
fiff(82. 0 U/mL) PR I& M2 Pkt b Th, 45 R,
T YR R AR LA A R TR A Y

e VAR G U5 AN ASX A i 1 3 P LA O Y A
H B2 BT o-L- B ET Bl6HAl T B 7 09 L
% ARk, AT B o-L- U 9 A A B-D-
A5 BT 0 R 2L BRI R R X R il 1Y
BRI SY, o-L- R 25 A 45
P S A R L ) BT Dy 5 ), T B-D - 4 A
U ) G T BB A R i AR R Y T
R AR RIS & B TR AR IR AN [
MEFEHE A a-L- B2 W5 R A B-D-4 25 5% 11 i
TGV LU & AR AL EABE R AR Bl o-L- R 2
Y T T e T 0% 05 1 L AR TR 1285 2 T A Bk DR
WA E A A — ST A FEE W
HEETT T, inVEM AP 4E R FPR AR R ik it
AT S0 S P L) A SRR VRS R R
FH GG REXT BT BRL 1 Al B R e A AHL fR T 0 R
APVENE, Bt E 4%, B a FER BT o
L- RS W Tl o A 0 E B A fE i, SR 2
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KSR 77 5L (Al B2 K3 1000 g, S 0F #3150 g, 221 K
1000 g) A AL IR - L- B2 B0 il o A 4 it
W JIMEAE R 5. 84 TR AR 1 iy %3k 1 (il
#1000 g. (NH4),S0,100 g Z&187K1000 g) 3k i
FHEER P o-L- B2 W 1 0T b 7 16 35 0 19 (N
3.04( 4 BUEITAER) WA KT, R
TR R Je 6 1 R RE R 3L 3 S BAR LI Hz 5 M ik
U5 AR F e 1A HLAER G Fh 2 B i i A ], o
T oo L BRSO XA %) 5 2 LU AL AN TR]
4351k 3.70 4. 13 F19.06( 3 5 BB 55))

FEWRAS R Wb, i T g6 th 25 IMUdbO58 i 31
PRI 22V RE TR 22 WA | R PR R A5 R 2 1T B 24
AR P 5 5 W AR F 23552 B4 07 33k HoAh
il & T RE 1 R 58 4 W B AU AR AR B N, PRt , AT 3 i
B 1 TR 22 235 1A R RAARR 2 TRV 2 T 4 v LR S &
PR A i, KRR R A S A T i
WK T WA & %, Viniegra-Gonzalez ™ 1) i 22 fih %
R TR TR it | S o il R BT il (1 285 % P ™ R 47
TER TS S T 5 Asther™) | FH 2 1l 55 % 5 ) 20 1R
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BRI, [ 25 K B LAAC R P2 i BORE (4o
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LAY S TR, TS & T e R T R A
B E R v, A B IMUAbOSS 7 [E 25 & B b
R it e e v T E A DG SR ) A A Rk
X—FE A AT Ak AR = B T i 25
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Abstract ;[ Objective ] A new naringinase-producing strain, JMUdb058 was identified and characterized. [ Methods ]
The strain was identified by morphological observation and 28S rDNA homogeneous analysis. Naringinase was identified by
monitoring the hydrolysis of naringin to prunin and naringenin using a reversed phase High Performance Liquid
Chromatography ( HPLC). The regulation of naringinase expression was studied by measuring naringinase activity of 11
different carbon sources and 7 nitrogen sources in shaking cultivation. The naringinase-producing capacity was investigated
in both solid-state fermentation and submerged fermentation. [ Results] The macro-morphology and micro-morphology of
JMUdbO58 corresponded to the characteristics of Aspergillus section Nigri Gams, and the 28S rDNA sequences showed
homogeneity at 100% to Aspergillus aculeatus. Crude enzymes prepared by both submerged fermentation and solid-state
fermentation could hydrolyze naringin to prunin and naringenin. In addition, the enzyme could remove naringin from citrus
juice effectively. Carbon resources, including hesperidin, naringin, rutin and rhamnose, and organic nitrogen resources,
i. e. , tryptone, soybean meal, yeast exiract and corn syrup were shown to express the naringinase. The strain had an
outstanding ability to yield naringinase in the solid-state fermentation, which showed an a-L-rhamnosidase activity of 5903
U/gds by HPLC, and the naringinase of 1939U/gds by HPLC and 72232 U/gds by Davis method. [ Conclusion] It is the
first time to report a stain of Aspergillus aculeatus can produce naringinase, carbon source containing rthamnose groups are
able to induce the enzyme expression. The stain JMUdb058 is a new microorganism source for high yield of naringinase, in
particularly by the solid-state fermentation.

Keywords:; Aspergillus aculeatus, identification, naringinase, carbon resources, nitrogen resources, solid-state

fermentation
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