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Screening, Identification and Measurememt of Physiological Characteristics of
a Sufu Production Strain

ZHANG Li-ying, SHENG Wei, FANG Hui-ying, ZHUGE Jian
(Key Lab of Industrial Biotechnology of Ministry of Education,Jiangnan University, Wuxi 214122, China)

Abstract: A Sufu production strain was selected from raw sufu of home-made. It could produce
neutral protease and alkaline protease. Proteinase activity was 1 100 U/g dry leaven, The strains
were identified by their morphs of mycerial, hyphal, spore and 18S rDNA sequence analysis. The
results showed that the strains are Actinomucor elegans WL3. 006, This strain could grow on the
solid culture medium such as potato wheat bran and bean curd etc. The range of its log growth
phase was 12~36 h. The range of optimum growth temperature was 25~28 “C. The optimum
carbon source was fructose. Its optimum nitrogen source was yeast extract. The range of
adequate pH was 6 ~ 8. 40 g/I. NaCl had obvious effect on its growth. Doufu which was
coagulated with salt brine or plaster was suit for the growth of the strain.
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HEZBHIIARNESE, FEREMXHAFRZ AN F
[ T B% (Chinese cheese)™ , Ay LA , L B A4 7 i
A o 4 H {8 DAL B 8 2% UM TR B B8 R
T AR U)1AY TE AR R BT

20 thep 50 R PHALIK, B FHET RER
R AR, FE LA A T B R R R R O AN L
MOEERATEMRESBAN FEEAHS . &
R EERP BAEFEBHMAFRHRNER
BEBREFEEE SR FERKE. HEA—
ANRFRER” T WEABI R EIELPRES
BRLE R EA RIFR SRS, B, BEEMK
L EEEHBEANTBHRE.

EEX A SREIHMEALRBEERAS SN
FE URHEEHIEE, HES -k &0 8
EHBEENETE. REBEBSESNIIHESR 18S
tDNA F3I 4547, BiIE T %A~ EHARBUN %,
e T HIEAL ¥ LA, it — SRR B A
BHM T ZRMER TR EK.

1 #H#5F%

1.1 EHkiR

HEHBALEE L7 EBH.
1.2 ¥FE

L AA SR B AR (PSA) B 57 U5 o i a4k 5%
FA 7EPSAEFREPMA L o/L BAHERG; B
EOAWIEEHE. TBRE 2 2,8/ 20 mL 0.1
mol/L NaOH ¥ IS i /5 , B i 2 g 3fg , A&
WAERBEREEAE 100 mL EREEMERK
(Czapek’ ) # B R BEEFRE - EH 7,
$kR7 3 g H,O11 mL ,% A 250 mL =S,
KEREENESEA: EBRERE- BTELHE
(EEFNEEYR 2 emX 2 emX 2 cm /iR, %
AR KL E# 250 mL =S, B — 3 ZiH 8
Feh BT 500 g, Mk 1000 mL j5EM 1 h, H
BB g, T\ 4K E 1 000 mL J5X
B&A. M EEHEEW A 121 CKE 20 min,
1.3 HEhE%
1.3.1 ¥#H5E B5gBRETZAEP.MA
100 mL AR K, BEHEES, MRS Bk
FHEE., BRAEKEFR. ALFEH.AANE
WEHEANTIERE, 2 5N AR REA LS
FEF,28 CHEFRUEPHEBENT. ER 4
WG 55T PSA plEBRF&H.
1.3.2 #% RASVHEE, BEBBEEATHR
FEF3,28 CHE3E 48 h, il AJLi 0. 25 mol/L =

AZB(TCAHOTRRE M HBWEES, T 4 CKHE
B 48 hE. AN E L EHENERERZ
W, LEBR KN EEEAREERE.
1.3.3 A% MWO0.5 mLEERFETEN 10°4/
mL), BEABEGEBEEFRED,B5,28 THIF 48
h, R—EBK S, Hl&BRE. PEHEER
MHEERE WEMNNECOBE . HP,WE
B o vk L B e R B A, T R R i AR B
pH 3.0 FLEE—FLERME il .pH 7. 2 BERR B b K
pH 10.0 iR —E B EhE. BEBE N
EFRA Fulin-ByEE® ., 40 CTH KB TRE
PR 1 pg BRERRE XN 1 AEHE N BAL (U,
1.3.4 A®BAE KHEBHEBBEEWFEMS
P, E S b, BRAE YA, 1 28 TR
TS, WA K REEELR.
1.4 HEHERE
1.4.1 BAF WHEMHEEIIMEKRE PSA 5
FE EMEHEELS, 726 BT WL EK
ML EREMMBTFREES.
1.4.2 A B DNA s3I0 45 005 57 00 T it
T, ARG TFIHE 0.5 THLT 5 mL BLEP,
43%1im A 1 mL TES ¥ #& (1 mmol/L Tris, 0.5
mmol/L EDTA,100 g/L SDS), Bl Z{#&% J5 » in 50
pL 10 pg/mL RNase, 65 ‘CH(# 10 min, il A 600
pl. 7.5 mol/L ZEREk ¥ W , YK¥# 8 min,8 000 r/min
B0 5 min, BB FLERES —XLEK 5 mL HOE
oA R B B L 5845 ,8 000 r/min .0 5 min,
FHBLIERES —XLHEM 1.5 mL L8 S M
A 2.5 fETLKZB,8 000 r/min B.L> 2 min, F L i§
W, & FH A 750 mL ZEEPE,8 000 r/min &
L2 min, FEEBRE . LBLEET 37 CHERHM
LB LSS, NE R ddH, O TR .
1.4.3 18S rDNA # ¥ 3% ffF EHH 18S rDNA
WE ST .

F#.5—ACCGGAATTCGCCTGAGAAA
CGGCTACC—3'

T#.:5' —ACCGGAATTCGGCAGGGACGT
AATCAAC—3'
1.4.4 PCR¥¥&#4 RMAERN B DNA K
2 uL,PCR 2 5 uL,MgCl, 2 pL,dNTP 4 pL,
ETF 18 SEAIBI WAL ul, Tag DNA B4
1pl, SR RFE 50 pL, EHSH:94 CHAE
$4 min,94 °C 50 5,52 “C 50 5,72 °C 90 5,35 M@
¥,72 °C FEAH 10 min, BP 34 10 uL FI 8 g/L
B B0 R e L U TR 5 2R
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1.4.5 PCR Z## %5 18S 1DNA A7 @l & &
Rk Aoy FAREREXERZRANE
4i{k PCR ¥ 7=, ¥k K iF, HiG s HAEY A A
M BB =9 18 S rDNA F 5. Wl JF 45 R1E%E
HE & & %15 B .0 (NCBD) #1 i#47 Blast JG & 1%
GenBank &, 5B ECH FFIHAT LB 54T,
1.5 £KEMNAE(FETENE)
FHBEETRE. BRGEFRRBHERY
AMENE TENCHBEREBSEEKE, KM
W REEEREHK—EE 105 CRETHRTEE
HOHERE NMBEHLEETE.

2 #R5#%

2.1 #If%

BN EEEE 28 CTTFREAWIEES:
HEPEF S hMEBHBERMBARARZ L.
HEERKNESHBEEERNBERERS R 6~7
emfl3~4 em, EHEERNEEEREKRY
1L5~2. 0, XL EB MR~ E OB HE I RITF.
2.2 &%

EEFRNSMHEABE I LE 1. R X
P RMEEEOBE IR, 1100 U/g T
o BRUEEAEE K XRHAEE~E U HE
MBHEABIENBEOBR. B TEALGES
BRBREETHPHEC FUEERANEABRE T
HEHE.

1200
900
5 600
E 300
g . .
3.0 72 10
pHIA

1 EBFENEARRHAE
Fig.1 The proteases produced by Mucor

2.3 ZERR

MEEBELTEE LT 28 THF 48 hEH4E
KEEBEL. R1ERY,E28 CHRET . HLEE
BRI R R B OS2 B I R R 3L A
TEEK.

£1 EREEBEEFBELINERKRERNA

Tab.1 Growth and fermentation of Mucor on bean curd

block

BARE
2em A

B K#H S @tﬁ%ﬂ:tﬁl‘ﬁﬂ
4 WHE HE 60 h &%

2.4 EBNEERT

KEERMT PSARFEL, T 28 CTHF.
L2hEHAEE:24 hf B A ERERHLZ, B
EEEWN, BB, HEMAK L cm £A4;36 h
NEZA6 AARETM RIS, H2ZEKERE
EREF 48 hHELEY,EE % HE . FRS
HHEEARB TR0 hNELTERBAA,
HAGHBEAN T, ERABREGARTE;72 h
B, KBS LW 5, REA;84 h I
WaL2REE, BEKRA.
2.5 EBMERE

Wane, LR, AREg LN EANR
W EEFEL. BERALEBATBEREN
1.5~2.0 mm, KAWL IZE TR, T2 H B
RAREAMF , A8, WP HWRE, LERLER
8~19 ym; MBHEAE, THRK, B 12~20
pmL EERHAAEEZAL . 84, 5, BREAER
TUmAb ¥ A 43 B, B X, & 20 B & B T i 1
AHTERE, ATEERE.ERAH 63~91 um, 2
ke ERBAN, BRA R 20~50 pm; BHEA AR
HEWE, 2ANAR. . REEBERHHIREL; &E
BREFNBERLATMBRET BRI EH. BEHE
e AR ERR REALE, MERNMEREK
K, — M H (43~65) pm X (24~46) pm, HFHH
FRRY, HREKALE 1~10 pm.

F M BLAST ¥ %% ¥ 515 NCBI R
B DNA Bl #fT 3t R EZH,. mFH 5 O’
Donnell KNI #1440 38 18 5 Actinomucor elegans
9 18S rDNA F oAt B, K 99. 5% .

I E T WL SFEIEM 18S rDNA FF 51 X b 43
. e E R T %R KBS £ E (Actino-
mucor elegans)m] » 455 WL3. 006,
2.6 BEASEBNEFFGNAESEN
2.6.1 HEAHLENAKRBLR HEEITHEFRE
(40 mL/#O P . EABERMTFEBE, T 28 C.150
r/min FHRHEF. €K 12 h BUE 3 M, B.olE
Wik T E, RIS E, BUZE 5, U
FEyEHEE ERVE 2, TR BRI ES
EEEFENNIEERPRAE 12~36 h, 1B E
BIRAE~60 h, ZFEHMB TR, MH, EK
B 5% 225 mg/40 mL,
2.6.2 HBEHARLEOREALAKREE HKHEEHE
FF PSARFEED, BETARBRE TR, BR 12
h R — 3, M5 R ILE 2, R 2 75, BEEUK
SHEBRBREEKEENRN 25~28 C, 1 48~60 h
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B EARE, M EREIHA20~25 CTEKRT,
it 20 CHAERKRMAWNEE, BEA—HANEH;
35 CHIE BB ML KA BT MKl 88K W
Bi,60 hE AR EA .84 hNEHACZHWE

T45; W7 40 CH, BEBREK,
250

& 200

1 150

K 100

# 50

1 A, 1 1
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Fig.2 The growth curve of Actinomucor elegans
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Tab.2 Effect of temperature on Actinomucor elegans growth

”Lﬂ/ 0°C 25T 28 °C 35°C 40T
12 FE K 33 MHEEE KRk
u BB BE A6 ABEA L

ZER KER HER 0.7 cm

HEEN OAEA OaENA BHaEN
BlLOoem Bl2cm H1lOcm BEO0.9cm

48 HEHEA SEENA CEHEN SAGHEMN *K
BlSscm H1l.8cm Hlicm B 1lO0Ocm

HEEA BEEA SH6EA RFEAEN *K
BHl7cn B2 1lcm BH1L8cm Hllem

72 HEHA AEEN REAHABKRAENL *k
H2.0cm H2.3cm Hl6cm EO0.8cm

HEFEABAEEA BRKEEHENL BATSH
BH20cmFH2.0cm H1L5cm FO0.6cm

36

RE

60

84 KK

2.6.3 BEFAHEFLERNRERE DUERKE
FRENEM, SR E R LI E .
FLBE AR IR R B R E YR 30 ¢/L), Hl A
MR RE., ER 3K, BMET 28 C.150 1/
min T3S 48 h, W EH BB EE, F WK HE
TEGRILE 3, oW, BSOS B RN A K
EMAEF RN TFHEZE ., mHE, EREP, U
RENE TURRKEREP L RENRER
B, W BEBERKERIF,

264 BEFHELEAKGZELR UERKIHE
FENEM, URENRE, F2H U HRY . RER
% R RE . SART . EOBFMBEREN TN
BE(REEBEY N 3 g/L), Hl B8 R AY R IE 5% 5%
B, SKEE,SET R0 mL EHRE, BR/ETE 28
°C,150 r/min FHFE 48 h, B G i EEE B A,
HKEATE . SRERME 4. S22\, ANEELLT
MAREF TRENAR . MEAIATUFARE
By, Bl BERFEARRFHARE.

530
BZO

N 00naen

W ¥ % 5 a® @ P
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Fig.3 Effect of carbon source on Actinomucor elegans

growth
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Fig. 4 Effect of nitrogen source on Actinomucor elegans

growth
2.6.5 HEFHALEALARGZTERLHL pHMAE U
FIREFREREM, BB BB ARENER
BW AASZRAMEEALHATE 2 pH H. 3
RER.BEER 40 mL HFHE, BHET 28 C.
150 r/min T3E5F 48 h, B & o 3B 45 B 44, IR 10
HEhTE.4ARILES.

HES HH B pH KT 6 B, EKEBRR,
BEARKRY, MYEMH pHER 41~6 B, A KE
N BAL, BBAERZ IS 7 pH<4 0, BEIL
FARER. UL BRBHEENBEEKER
pH {HYy 6~7. W@ MM EAEN pH H—fk
6 A4, W, B EEE pH EH5E S R B0%
HEEEKNEK.

150
°° 125
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@75
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Fig. 5 Effect of pH on Actinoemucor elegans growth

2.6.6 mEn DEMHEFRENNE,FUEN
E R, 4 FI A% NaCl JEE ¥ E 4 10,20.30.40,50,
60.80.100 g/L., 3SIREE . HFEE H 40 mL g H#
., BHIETE 28 'C.150 r/min T3 48 h, BUH
fEd IR AR AT E, S RILE 6.,

& 6 A1, NaCl SR ¥ B 7E 20 g/L AT BB
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fie it HE SO B & #9 4 K5 NaCl 8 Wk BE7E 40~
60 g/L M BN BRMAERKEA T BRI H;
NaCl R W% 7 80 g/L KA EERESHH EEBILT
AR, FEuk, B IE 508 1 3L 7= e ) € g
P FR R B 3h BB e B — R4 b 7 100 g/ L 225, &
VAT 1k BB W WIS MAE K RIE T8 207 & A9 R

BRANGE .
100

1 1 1 I 1 I 1 ’

0 10 20 30 40 50 60 70 80 90 100
NaCVR 8 # 5/(g/L)

6 NaCl REBREMNBHMHEBERKHVMW
Fig. 6 Effect of the NaCl concentration on the growth of

Actinomucor elegans

2.6.7 Ca¥" Mg A Keh¥h LUEITHEFE
Syt BB, IF 4y BV AN CaSO, - 2H, O fl MgSO, -
TH, O, B IR Ca¥' 1 Me™ R R E 4 51 0
0,0.1,05,1,2, 5g/L. 3RER.BEE K 40
ml. #3355, HHET 28 °C.150 r/min T3 48 h,
B e IR A H R A T L AR A 7,

HE 7 A, R BB AN,0.1~5 g/L Ca?t
REEARBI S ERERAEK, KB AAEKETES
g/L Ca®* 4k ;T 0. 1~5 g/L Mg™" th B4 3t H Bk
SEBEENAER, HBERERKRTE 2 ¢/L Mg*™*
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