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# OE HNERHEEESLERREK LK TS (Penicillium citrinum) B £ 4818, %K
dp A RRE TR S RERE P, AREREN. BT AR FET . HRAEPAE
BMEABAEEEES N 10g/ LA Ig/ L BEEL. 180~200r/ min AE. BElIELB
BRES I 48 hid 7o B SR 9, 2% FEH0OT B AR P IS T &K 513.3U / ml, H7C SRR BF RS
w36 i MAEENESEYRECHYEER LN T2 —. EEEMHEAMAR
h, BEAHLEREREE, B 28 # G sed WM REAR B, BHETFHRIE NN
50740/ ml. EEF LAITE EWERT HR LR,

@R EELAM ERE, MR P

S¥E  TQ920.1

% 5B (Penicillium citrinum) AN BRI P REARENAME®BEHAY, X
MEH RNA KBRS 5 —SBH8, CNT ERA TR TUMEARZE T, B
8 PR REK AR DNA, BB 5" - B MR —RIBRARNEY. L5, Mg P ¥ A
F DNA BEABRA T RFFIMTEFY. BB PHAESEYRABKERIRZLE.
B R R A, B SRR, A SR, A AN ERTHTRIFR. B
BEERAREGET LR BERANE. RORAEEAHEFBERELARESLRE
PRUBRIFRK. BEMELTUESEN, AT =BT, BT AESRF.
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15 % % (Penicillium citrinum) B 7 R AR AL K 2 Bt W O FR B2 4L, B — 0 R R 24K
BEAVPNSELA FERSE. PERTFERE 2RO, SERTRAM. £,
HEMABEIIMERAE L, T 28CHEHBEREPEFEX FOERT RMG, B 4T
KETREFER.
1.2 IERE

FEE 4 (g / L): NaNO, 3.0, K,HPO, 1.0.MgSO, 0.5, KCl 0.5, FeSO, 0.01, 5
30, B8 20. BikIEFHE (g/ L): K HPO, 0.5.KH,PO, 0.5, MgSO, » THO 0.4,CaCl, *
2H,0 0.4,ZnSO, » TH,0 0.2, % 5 A eI A RK LW E. £ pH W 6.0.
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LTRERVR—FEL/D, FHEHRKPE 0 min, FHEBKEENE. HgEsE
500 ml = AR P AT, B 0.8g HARMA 120 mIE K IE 3R D, 121C KB 30min, B H 5 &
ASEFREFRT 10m] R FP, 7E 28 C 35 9% 3d, W MR KB B 2 A M I8 B e BRI 25 o,
14 BElE4AESPRABERRNSIE

FAS B BB AR BK SR, 4CTH 4% MR MTEE, 1% REEHE,
MEIEBREIBEK. COMASATREESHBENEES LS. SR T HE R ER
b,
15 R PAHE
151 HEEZ=BY. & 500ml B P ABEREFE 100 mi, 5 10%. 75 28°C . 4
BE 1507 / min 3% 3%, HMEIG 17 A5 B o o, B0 WSO R
152 EEEZEHME R £ 500 m EBRGEA 120 miBikiE e, Bab@2AR (T
H)10g / L, 4£ 28'C. 180 r / min % 5K (455145 B0 & B 40 ) 35 35, 2 0 BB RIS /R0 pH {4, 7%
MEES G, WORBSHE, B M B 38, I B (LB 379 — =86, WL B 2 347,
1.6 FHBERZ
1.6.1 RIFEERIME. KA DNS G, 5B kKGR ) N E.
162 HLARTENME HENESRNRESHABEHETHEL —FETF 105CH#
P TEEE, MBRREEE, A VE B4 TE.
1.6.3 BBAES P35 BEN, & 1%RNA. 0.125mol / L BSFE 28 vl (pHS.1) Al 1 x 10°
mol / L ZnSO, MR B &Y 1.9ml i ARE, 7 67C T 10 min, FHI AR 0.1 ml, R B
15 min/er, 8BS R TE DK 1 SE S BUB B, B A 2.0 mI B 9 B BRI T R) (0.02mol / L
La(NO,) ~0.2mol / L HCI). FE K HREF 20 min/S, F 3000 r / min 8.0 5 min. $ _E§ K
R 50 45/, BIRE 260 nmiE L B oD . RT3 EEE, EWE 67C £ 25min,
AT BB TTIE R, B0 ARS R, A8 DR kT, — MBS DR E NN EL
HRWERGT, B PEEBREE oD MK 1 /1 5" - B RER, L {) / ml 3K,
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Fig.! The immobili:aﬁon co;e of Penicillium citrinum cells ARR, MENHRAEE LML, It
1. Immobilized cell dry weight per gram support; Hﬂ‘ﬁﬁﬁﬁﬂ:&ﬁ%ﬂ:ﬁ%?i?
- Redueing sugar fn medim WA L4y, BN E LR B

RN MR EMNGSE - (H2). TISRRPHESELE).
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F2 BEEAfTBOAEaERT
Fig.2 SEM photographs of immobilized Penicillium citrinum cells
A(x85) and B(X503): Adsorbed and immobilized hyphae on the porous supporter;
C(x89) and D(x1490): The immobilized hyphae used for 56 days continnuously.

22 BERUALSHERL”RALE

SRFRHEEARLEHEELBAT I EHAR. BEAELNERETHER
10g/ L. A M g/ L. 1005 85 8 22 1% 3% 2 ob 1 & 0 A1 R 0 R A0 W 40 51 O 50g / L #

5¢/L.

ME 3 E N, AL R
HEB. EME I REREH R ESS
(357.3u/ ml). B E B2 >8R
RER BIShESRFVBHERERSR,
B A8 h B A58 5133 U/ ml. EEfk
HerBHRFHEEEANEQKRHRSE
HANEEL~EBA /5. aTEEWL
HaAEEAR, TUTE ZEMERS
B, REBEPHFEEZLED, L3 8 E
nEREENR. At BEtBEZL™8
BARWE. 8IS &, AR, RERHE
HMBETESZMALERS. HETFRHBEEREN
YRR, M AEIIRK.
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Fig.3 The time course of nuclease P, Production by
free and immobilized Penicillium citrinum cells

1. Immobilized cells; 2. Free cells.
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B4 TxRTEAEEEOHER
MEOREGT . BEAETERLS
REREPER. YERETHE
BUMEAKRNKRETHN Hs5g/ LA
0.5g/ LB, BEHNRK XERRE
FALRE. L %ENEQ KA
BRAEW RAMEHIEZRS, B~

MABROEZZSNE, m8ERA M
K, YH9aESNEaRYRRS R
w3 50g / L # 5g/ L, T BE,
MEEFRPHFEE2ME, EAK
WHERASEE =AM, £

2g/1; 4. Glucose 30g/L, peptone 3g/L; 5. Glucose ﬁﬁgf‘ﬁ%#?,iﬁﬁﬁﬁﬂ—%ﬁﬁﬁ

509k, peptone Sl #FIT o L B K, BT LA X SRR

ERER. EHRAFHEENEOBROREAN IS0/ LA S/ LY. EEEMELE”
MEAT. AAARBLEHEMEE, TFHETBAEAE KR, BB FRS T AKRE
W, RELBER. GAXEETRARNE, EBAELKRHESFIL 102/ LA
lg /L NH. :
24 BREENHRAKR

EBRTAHM, SRMEESHFLEERE P o, EEEEMNEREHE. 4T
RRLOTHBEERAG . IEMEANARESTBHREEXLTEN. ATRRHASMAEK
BOERBEHEE 10g/ L EAKIg/ L), T THRAMFARE RSB EAETESBYN
B, LREFEW. EHEN 1500/ min EG T, SRR KIS AR EWEZHRK, 8§
WBHAMPFRYEME. STHEFIERHTHERKRH . ERBPOFARERE,. AW, N
HERRP 250c / min B, BEAGRERR ARG AT, O A RNFHE, ©BiF
REABMHN IR ABENBEEAFNLEMERNARBEHFIR, S8 EE 180~
200r / min &, TE =R TEH.
25 ES oML

s H BT RE 2 H &K ik 38 (repeated batch processes) . By 55 ¥ 1 & # &5 4
MEAKTIA10g/ LA g/ L. BRIFFRAD N 2d, HE ST 28 i, 3L 56d, R %
1 B,

BlEEE BN =HERMRE. 28 #H~=MEH 105708U-L '-h ', RifEEHZ
T PEREE (2977.5U L™ - h DB 3.6 1%, EHBHEN pHEZMABE K. —BIFEHEY
WIRE TR, R E pH3S A, BEENZENEFA. ERFERPIELCRBR,. pHE
READ 6O E, MAERBSHHLARZBORG T, BHM pHERRE, HERE
4.0~4.5 2 M, X—4 R RVIE B 2HEREE. RAARGEATUEIR, AN

M4 AHEERFENEEEREE BN

Fig.4 Effects of gluose amd peptone contents in

medium on nuclease P; production by immobilized
Penicillium citrinum cells
1. Glucose 5g/L, peptone 0.5g/L; 2. Glucose

10g/L, peptone lg/L; 3. Glucose 20g/L, peptone
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Table | The results of repeated batch fermentation using immobolized Penicitlium citrinum cells

Eii/8 B&pHE ME S (U/ml) 114/ 4 B #pHE M5 71 (U/ml)
Batch End pH P activity Baich End pH Py activity
1 4.1 510.0 15 44 504.5
2 41 504.7 16 ' 4.2 518.5
3 41 513.3 17 4.1 509.2
4 4.0 4986 18 42 502.6
5 42 4914 19 42 4950
6 42 512.0 20 44 499.7
7 4.1 521.5 21 4.5 486.8
8 4.3 5154 22 4.5 484.0
9 42 508.5 23 4.2 488.6
10 43 518.8 24 4.2 502.5
1 42 500.6 25 42 5114
12 432 527.0 26 4.4 §192
13 43 522.4 27 43 511.3
14 4.1 517.0 28 4.5 516.0

EEMA S6 dE. RF LB BB LB RN, HLMRESTR (F 1.C.D). Xt —
FRVERAAE TG T RE LR R E B P RATTHY.
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NUCLEASE P, PRODUCTION BY IMMOBILIZED PENICILLIUM
CITRINUM CELLS

Xia Liming

(Department of Chemical Engineering, Zhejiang University, Hengrhou 310027)
Abstract Mycelia of Penicillium citrinum were adsorbed and immobilized efficiently
within porous polyurethane. Nuclease P, produced by the immobilized cells were
studied in shaking flasks. The suitable glucose and peptone contents in medium were
10g/L and 1g/ L, respectively. And the shaking speed was 180~200r/ min. After
48h fermentation, the nuclease P, activity reached 513.3 U / ml, the productvity was
3.6 times higher than that of the free cells. The production cost is obviously reduced.
In repeated batch fermentaton, the immobilized cells kept the capacity after 28
batches for 56 days with an average nuclease P, activity of 507.4 U/ ml.
Key words Immobilized cells, Penicillium citrinum, Nuclease P
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