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SRTRBRRINZHAETHREY 00 4 ANAS P H ARG CaCly foBEEH, B A H R LR IK 5230 51 45
A KA B A AT B R K B 58.9 g/L R G Mk 2.9 g/L.CaCl, 0.5 g/L. B #4 1. 2
g/L.KH,PO, 1.0 g/L #= MgSO, 0.2 g/L, RAZEiEFEALEE, =4 3L 5 57. 1 mg/g, LA H (41. 8 mg/

@) Fa KR F EH(36.3 mg/2) MR G T 36.6%F 57. 3%,
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A = AL S YR R SR O ol A AR
PR .

i1

ks H . 2011—11—09
FETH . WA RHTRHE TR H (2007C24016)
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1.3 REFREERIGFRAT

RIAIREFRAE 22 27 by 30 ¢/ L EEH kR 3 /L.
Bilg 15 g/L.pH 5. 6£0. 2, 28°C4M FE55E 10 d,

WARRD R AL A 20 o/ LU EIR 3 ¢/Ls
ErERE 2 g/L.KH,PO, 1 g/L.MgSO, 1.5 g/L,
CaCl, 0.1 g/L. HUHERSFLER AR ER0. 5 e’ K/INEY
A~5 PR B 100 mL AR FR 755 37 JE /Y 250
mL FEI . 25°C BV R 3~4 . RIS 3R 3 b B
o375 B TR 22 A/ N R B R U AR IR 28°C, el
150 r/min, {557 4 d ZEATRAR AR T

R MEHLR B IR A A A b 30 ¢/ L R 4 g/
L,MgSO, 0.5 g/L,KH,PO, 1.5 g/L, CaCl, 0. 1

PEE A 1 B A986—) . I WIHLIIT I BT AR AR » NS A YR S A WL TR

* BEIEH : RIMHEE, B FHBAH : xuxiangqun@zstu. edu. cn



% 14

T AR AL T I DI AR FL ™ = i ) i I B A 125

g/L. AR ARBI 8 1026, 28°C , #1150 r/min
FEIR¥ESRE 10 d,
L4 WELEAY RS =AY o

A A AT R A e R 2 R R (U
AT REE) W27 RK R vhik 2
WA To, g 70°C T 2 4 L bR 2 B 4R & AP
WoNET R4 NELY b

S A Y B AT O TR TR R
Kk 50 B, B 100 mg FA, SN EE 8 mL, i
242 24 h B HCEIE W B A 2 10 mL, HERH IR
0. 1 mL, FI FH A REWE— UK ES PR VA HE A T 8 =5 b 5 1)
FrEIE N, I HERR BEAE R = kA P bR o
TR B = A A i R B i A T AT
1.5 St
15,1 HREARLE

DA T i it 15 37 3k kg il 43 1) AAS [) i Y52 AR
REA T e 4 M FL R & 8™ =i A B ) e A B
1.5.2 #5508

T D I S AR 22 PR 2R e e S i 2 R e R
T A SRR AE PR R S0 1 A b R T
RIERE SR 530 6 DR R AT B H
i (D EUR (1D A K R B O 8 k. S5
S5 3E 1 SPSS13. 0 AL T /4T
1.5.3 APl S5

HRYE T I A 52 96 25 1 o S & 2 e X1
LA B A 77 8 R E TS TR/ R B i 2
TR ANy v P30 5 S 0 o oy PR 3 3 e

LI
154 DAL AR BRI 45 BT

B A T4 o L AL S0 4
FEAFEQR1.0. -1, -2 S HEKTLE 118
i Design Expert 7. 1. 6 47145 4D B7
155 R

UL 1 A5 00 AR AL B B T
SRS IRE T 3 U, 4P BT AT
BRI LA R

x1 HUOEAEGIEERKFE
K-
M= -2 —1 0 1 2

ACEIEHRE g/L) 35 45 5 65 75

BORE ¢/ 0.5 1.5 2.5 3.5 45
C(CaCl,g/L) 0.25 0.35 0.45 0.55 0.65
D(EEERH g/1) 0.8 1.0 L2 1.4 1.6

2 GRE5HM

2.1 EeAEmmRUR AR Y i

AN [ Y5 AR R0 R A A L P A I T 22 {2 i
FLS =0 B RS DL R 2, M AT =i S
()G B B R 22 AR A B A R T 22 4 ) i R
B E Y& Rk 8. 52 g/L Ml 41. 7 mg/
g MAE R AT FHERAE Rl s} 1 22 A K 2818 H =
b Ay SRR AR AR, FERR R, B A R R
B =LA WA B A B T 22 A K 1 S R
T B ] TG AL 260 U5 e M4 L A AN I
W A AR AR RN B R A TR A AR
AT Ak .

(oa)

*2 AEKEMREN=ESEMEYEN I

T PR/ (g/L) =i &R/ (mg/g) IR A/ (g/L) =R/ (mg/g)
I 8.524-0. 47° 41. 740. 7 HH 8. 6140. 38 40. 94-0. 4°
HEHE 6. 780, 24 27.241. 1 28 8.5540. 21 41, 9+0. 8
o 8. 3340, 35° 37. 840, 6 KNO; 2.1140. 19 13.0+0. 2
x5 5. 6740. 28 25. 640. 5¢ (NH,), S0, 1. 78=0. 25 22.44+0. 4"
5P N 3.2940. 16¢ 25. 840, 5¢ — — —
A TER 2. 8840, 53¢ 23.240. 3¢ — — —

T ARSI TR 3 U GRBCF I - ARE 2 ; [A]— 50 s AR ) 5 1 2 m =2 A1 1k 3% 22 57 (P<<0. 05)

2.2 WFENHT Rk

WA R LB AT 2 R AR i (Y
FILE =0 3 (Yo ) X BE FR R4 43 A A W (o) o 2R
R () s TR (25) s KHL PO, () s MgSO), (a5)
Hl CaCl, (x) HEAT T 58, LI BT Mg R WL 3.
AT 2253 HT (3R ) 45 PR - X 1R 22 4 A ) i G B 3
YERT TR =i Ak G4 & i S0 2 R B RE

WA CaCl, HA B2 520 (P<<0. 05), 3 37 SPSS
13. 0 BAFHATERME A 1R 2] BNHE 7 (2 1 25 AN
BEHR -
Yo (V)=
4,17+0. 20, —4. 192, —2. 015 +49. 2525
eh)
FFE P R ECH 0. 985, FE B 8] )5 )y Bl &
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RAr. 0 005 07 B0 R BT S W A B A SRS ERE  a BEA CaCly YU . [A) I R AR 2R
CaCly MBI =ML W B RO, A ARAMBERRR AR, HA D 52 AN K, SEge i 1
FHBERRRY M RE I 22 000, . I ER | =ik & lOK-F.

®3 BOERFIRIITRER

Seh e z1 z s z x5 z Y/ (g/L) =iEEE/ (mg/e)
1 —1200  —1(3) —1(D 1(2.5) 1(1) 1€0. 2) 7.9340. 47 40.5740.7
2 1(50) —1(3) —1( —1(1  —100.2)  1€0.2) 8.0140. 46 47.240.3
3 —1(20) 1(5) —1(D —1(1) 1(D —1¢0.1)  7.98+0.13 27.940.5
4 1(50) 1(5) —1( 1(2.5) —1€0.2)  —1€0.1)  8.23740.52 33.240.1
5 —1(200  —1(3) 1(3) 1(2.5) —1€0.2)  —1¢0.1)  7.83%+0.31 33.141.2
6 1(50) —1(3) 1(3) —1(1) 1(1) —100.1)  8.1240.24 38.740. 3
7 —1(20) 1(5) 1(3) —1()  —10.2)  1€0.2) 7.65%0. 62 27.470. 4
8 1(50) 1(5) 1(3) 1(2.5) (1) 1€0. 2) 7.8740. 35 35.570. 2

VA S R A ARG SR S o/ L ALK 3 U S ROT A bRl
R4 BFEAFRWMEYEN=FESENEM

s YR =i
IES Y i Prob> || LIES Y ! Prob>|¢|
x 0.07 3. 50 0.177 0. 20 6. 15 0. 009"
@ —0.20 —0. 62 0. 626 —4.19 —8.70 0. 003"
x5 —0. 85 —2.83 0. 216 —2.01 —4.18 0. 025"
x4 0.17 0.42 0. 749 0.52 0.74 0. 968
x5 0.56 0.75 0.590 —0.09 —0.05 0. 534
x5 —17.5 —2.92 0. 210 49. 25 5.11 0.014"

x Fen 3 (P<<0.05),
2.3 SR R E 2 =i A S W S B A B i 55. 410, 6
= EY S R EA REEW N TS me/g, S AR R R R K- DR R 5
BEEAWR R A CaCly IRENTRIE RN BE  B/KERY RO s i O - #4055 ¢/Ls EEE kK 2. 5
T e BENCY S Bt LR Bt M AR LK 5. 4 g/L, CaCl0.45 g/L, efbh; 1. 25 g/L.
x5 RERHKEIEIRITRER

IR AANE/(e/L)  EAMR/(e/L)  BERRR/(g/L)  CaCly/(g/L) i/ (g/1) =i E i/ (mg/g)
1 40 4 2 0.15 7.87+0. 21 144, 140. 3
2 45 3.5 1.75 0.25 7.7940. 34 47.240.6
3 50 3 1.5 0.35 8.1740. 15 51,740.5
4 55 2.5 1.25 0.45 8.12+0. 62 55. 440. 6
5 60 2 1 0.55 8.32+0. 54 53.240. 2
6 65 1.5 0.75 0. 65 7.82-+0. 43 41,241, 3
KK ER 3 KRB HhRiEE
2.4 LA E LRI IR I U T ®O6 POAGIWIITRER
M B BEIC B ST IR 5 WA L SS9 TP g A B C D PR SRR
#-32ff Design Expert 7. 1. 6 4RfRitf 7 eLA1 25k 1 1111 7. 7(2gﬂ/:15>).31 oér;gli%)z
FrBEit SR BT RER IR 6, % SR 2 R A7 2 1 —1 —1 —1 7.67+0.25 46.7+0.3
N AT S A B T AR DL s A 3 —1 1 —1 —1 7.894+0.17  44.6-+0.1
S el R 4 1 1 —1 —1 7.55+0.71 45.540.2
5 —1 -1 1 —1 7.75+0.24  52.340.5
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X645 Y =8. 38+0. 062A—0. 013B+0. 087C—+0. 085D—
He Y/ =i/ 0. 01AB—+0. 046 AC+ 0. 049AD— 0. 017BC—
SWH A B C . , )
(g/1) (mg/g) 0. 017BD+ 0. 001CD — 0. 15A?> — 0. 0858 —
6 1 *1 1 *1 7. 86i0. 11 49.9i0,3 O OSlCZ*O 151)2 (2)
7 —1 1 1 —1 7.7740.22  47.2+0.2 .
9 —1—1—1 1 7.56+0.41  42.640.3 0. 011AB+-0. 031ACH-0. 16 AD+-0. 046BC+
11 —1 1 —1 1 7.89+0.34  44.0%+0.2 )
12 1 1 —1 1 7.9540.26 48.540.7 0. 20C* —0. 28I 3)
13 —1-—11 1 805+0.19 44.1+0.1 Hd Y, MRS Y N =S o
14 1 —1 1 1 8114+0.21  50.540.9 . NI
l VIV N
15 —1 1 1 1 7.8140.31 47.240.2 E’A‘BHLC D 515 o i L CaCl, R
16 1 1 1 1 812+0.12 50.540.5 FEW 0 SE IR S A 1
17 —2 0 0 0 7.754+0.63  46.040.7 KI5 2% (ANOVA) 2091 32 7, W 1
18 2 0 0 0 80240.27 53.2+1.2 .
. . . . #49:':” — A S 4—#91:“ ¢ /\]j N
19 0 —2 0 0 8.3240. 15 50. 5--0. 5 @Uﬂ*%iﬁﬂﬁfﬁﬂk (=] %E’J [E]UEH;;%A:E/J F {EJJ ﬁIJj‘j
20 0 2 0 0 7.97+0.12  45.840.3 2. 86 Fll 24. 98, FIARLARLE B &1, PIBIRY Y ok
200 T2 0 TSRO0 G TR0 LU 0. 956 0. 71 BRI R L
93 0 0 0 —2 7: 6&02 71 46: 5£02 PEZSE TR B EME. SR E 7. R
24 0 0 0 2 81240.13 43.3+0.4 e 7 T A9 AT — 4 P R A e 6 T DA A B L B
Do 0 0 el ST P CaCl FIREERR 4 PR bR =
. 0, 00, VU0, e " . N N
27 0 0 0 0 8. 494_r0. 09 55. ZiO. 5 ﬁ%ﬁiﬂ@%”@,ﬁﬂg 1 %H[zl 2 Fﬁ‘ﬂ—\‘o ﬁﬁw\i/l\”@
28 0 0 0 0 837+0.10 55.9+2.1 B AT » 2588 5 1 . CaCl, FIERERS 4 4
Do o0l j;jg o gfg-g & AN I 58. 9.2, 9.0. 5 Fl 1. 2 g/L,
L4370, 35 .20, N — — . A
31 0O 0O 0 O 8 48+0.13 54. 8+0. 2 RITNAE B RS T s KA M =ik & &
AT 8 UG S RACT e 2 oA 8. 42 /L A 56. 2 mg/g.
*x7 ZOFABEERFTESH
. YR =ZiEaE
- )| df P {} Prob>F B df P {f Prob>F
RiRY 1.83 14 0.0235 5.63 14 <0.000 1
A 0. 09 1 0.177 1 0. 38 1 0. 000 2
B 3. 75E—003 1 0.778 4 0.17 1 0. 005 2
C 0.18 1 0.062 4 0. 39 1 0.000 1
D 0.175 1 0. 069 4 0. 065 1 0.0615
AB 1. 60E—003 1 0.854 0 1. 81E—003 1 0.742 0
AC 0.03 1 0. 400 0 0.015 1 0.348 7
AD 0. 04 1 0.3756 0. 41 1 0.000 1
BC 4, 90E—003 1 0.747 8 0.033 1 0.169 6
BD 4. 90E—003 1 0.747 8 0.21 1 0.002 2
CD 2. 50E—003 1 0.981 6 0.035 1 0.158 9
AZ 0. 64 1 0.001 8 0. 68 1 <0, 000 1
B 0. 20 1 0.050 4 1.03 1 <0.000 1
C? 0.19 1 0. 060 3 1. 14 1 <0.000 1
D 0. 62 1 0. 020 0 2. 20 1 <<0.000 1
TR 4 1) 0. 39 10 0.715 0. 22 10 0.061 4
R 0. 34 6 — 0. 036 6 —
M 2.56 30 - 5. 89 30 —
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8.52
835
8.35
w2 17}
, 819 a g8
3 k-] .S 8.02
5 8.02 A A
R 785 7.85
0055 014 < ‘
0.35 6.50 Y- 650 0. 6.50
. o.om\ P Q 6.00 0.13\ 6.00
0.30 550 0.045 s 0.12 5.50
B:pept 028 500" Al ' 040 _—"5.00 A-g] ' 011500 Acql
peptone 025745 glucose C.CaCl2 0.035 7450 glucose  D:yeast powder 0107450 glucose

(b) ©

Biomass

. 030 30
4 Oh\/,() 28 B:peptone

0 ™. 028 . !
2 0.035 025 Bipeptone  p-yeast powder  0.10 0.25

D:yeast powder  0.1070.035 0 C:CaCl,
(d) (e ®
B 1 352005 8 E i CaCly FEERER XA 8 () 5 )
a. B IRV 20 AR ) B 0 B2 s b, R AR AN CaCly X A= 905 (152 0 5 . S IR0 093 R0 4] 268 W ) A 1 12 1) 5% i 5 . CaCle FTER
F RS A e S ) 5 . BERERY AR IR0 AR 0 i RS2 5 L ERR R AN CaCly Yo A ) i Y 52
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AR
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Triterpenoids production
Triterpenoids production

032 6,00 -t
kooz\s\ 550 0045 . /503/5.50 0127 550
: k 7500 A: C:CaCl . I ; : b -~ 5.00 A:
B:peptone 0257450 A:glucose aCl, 0.03574 50 A:glucose  D:yeast powder 0. 1\0\2 50 A:glucose
(a) (b) (©

s
ﬂ#ﬁ?
R
G
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G
%

Triterpenoids production
Triterpenoids production

0.055™ 035 01 . 14 0,055
0.050". . 032 0.13™ 032 0137 /_/{oso
700000283 oy 01T 028" i 0.1~ 0.040

C:CaCl, 0.049 s’ 028 B : A1 7028 B : 0110 :
aCl, 0.035025 B:peptone  D:yeast powder 0107025 B:peptone  D:yeast powder 010" 0.055 C:CaCl,
(d) (e) ®

2 AT B I CaCl RIRERREYC = 85 & B
a. T MR RVATAT BN =5 ARSI b. AR CaCly 6 = A RLIOREM s . B SRR RVATAT MO = 2 L0 B
d. CaCly PV (1T = 5 05 B HOSR  c. BERRRYRVER (1 MR =5 &5 REROREIR o . BERRRIRN CaClL % =i & BB
2.5 PAIEHIE () e AR & e b 5 5 5 T 45 SR 435 S B s HAE XA
AR B B AR R4 T 3 WA Bk kT =i AP & it 41. 8 mg/g $2m T 36. 60, b
TSI, 22 AR R )i -4 Oy 8. 38 g/L, =itk RAF LR =il A9 & i 36. 3 mg/g w1
Yo BP0 57,1 mg/ g, X ULBH I R T4y B A3 8] 57.3%.,
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3 #

=G TP RN R B TR IR IR
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A G R e e A RS 3 A A R =
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SERERRRY T A IR RERUR T REAR I =S L B B R
BHBEIREE A2 (TG TET . 38 YRS B REfE
AR LR B R A R (HMG-
CoAR) [ P , 11T HMG-CoAR & =i & sk 12
BRI PR

AT L5 A R MER AL N =i 0 B2 AR
SIS LGNS BUR W4 3B bl KX G ETI
B G iAW A R S A A B 58. 9 g/,
HEMR 2.9 g/L.CaCl, 0.5 g/L. Ek# 1. 2 g/L.
KH,PO, 1.0 g/L il MgS0,0. 2 g/L. RHZMik
BEFRSEIEAT R, — s S ik B 57. 1 mg/g. X N4
Ja Tl A A B ™= =il A 4R A T — 7 AR
g IR BT — e BT Re A i = AR ) B R R
OGRS R NI 5 T =i & 5t A e B
FARPE T AR 19 S B
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A Study on NO + CO Reaction Activity of CuO
Catalysts Supported on TiO,

XU Huo-ying', CHEN Li-jiang"', JIA Yan-rong'?, JIANG Xiao-yuan®
(1. Department of Chemistry, School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Department of Chemistry, School of Sciences, Zhejiang University, Hangzhou 310028, China)

Abstract: This thesis studies the properties and activities of the CuO/TiO; by TiO, carrier calcined at
different temperatures. Then, it investigates the anatase and rutile mixed-phases in TiO, carrier calcined at
600°C by XRD and carries out Raman analysis. The 6% of CuO/TiO, studied when the TiQ, carrier cal-
cines at 600°C demonstrates better activities. NO conversion is 82.6% at the reaction temperature of
375°C. All characteristics of the catalysts show CuO has strong interference with Ti0),. Combined with the
profiles of H;-TPR, it suggests reduction peaks are the reduction of CuO species.

Key words: titanium dioxide; anatase; rutile; reaction activity

(REHSE: TEIL)
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Submerged Culture Optimization for Biomass and Triterpenoids

Production by Inonotus obliquus Using Response Surface Methodology
XIANG Chao, XU Xiang-qun
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: This thesis uses one-factor-one-time method and finds that glucose and mixed nitrogen
sources are the best carbon and nitrogen sources. With the fractional factorial experiment design, it
screens the significant effect of glucose, peptone, CaCl, and yeast powder on triterpenoids biosynthesis.
Ultimately, the authors employ the response surface methodology to optimize the medium composition for
biomass and triterpenoids production by I. obliquus in shake flask culture. The optimal medium composi-
tion is: glucose 58. 9 g/L., peptone 2.9 g/L., CaCl, 0.5 g/L, yeast powder 1. 2 g/L., KH,PO, 1. 0 g/L and
MgSO, 0. 2 g/1.. Under optimal conditions, the authors significantly enhance the triterpenoids production
and the mycelial biomass from 1. obliquus and the triterpenoids production reaches up to 57. 1 mg/g, re-
presenting an increase of 36. 6% and 57. 3% compared with that using the basal medium (41. 8 mg/g) and
natural sclerotia (36. 3 mg/g), respectively.

Key words: Inonotus obliquus ; triterpenoids; response surface methodology; submerged fermentation

(REHE: 3HER)



