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Abstract A novel lysozyme was purified from a marine microorganism and its major characteristics were studied. Cell-free
supernatant was prepared by centrifugation of culture broth, ultrafiliration using a holiow fiber (molecular weight cut off, 50kD)
and concentration using a hollow fiber ( molecular weight cut off, 10kD). The crude lysozyme was purified 34.7 fold to
electrophoretic homogeneity with a recovery of 24.1% by CM-Sepharose FF cationic-exchange and Sephadex G-100 gel
chromatography. The relative molecular weight of this lysozyme was determined as about 39 kD. The optimum pH and
temperature lowards Micrococcus Iysodleikticus were pH 8.0 and 35°C respectively, and the enzyme was stable al temperature
below 50°C and pH 5.0 ~ 10.0. The lysozyme activity was slightly enhanced by Zn>* and Cu’* and slightly inhibited by Mn?*
and Ag” . The lysozyme showed good compalibility to many common chemical agents such as EDTA {0.1%} and KH, PO,
(1.0% ). The lysozyme had broad-spectrum against many bacteria, including a number of pathogens, which were resistant to

egg-white lysozyme.
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AR, B TR AE IRk E S &
HREMNBEMET T 2R B XE
FHAEYBEEROTRRER). A —FFHR
WEMEYMB AN S B AL R YER#HT T 8F
KCHBEMAEMEEEM G — SR A EE
THaL.
1 H#GiE
1.1 #H

PR H RS E K S-12-86 A MRl + &5
Bl e ERERT,

CM-Sepharose FF,Sephadex G-100 2247 4 i &
B4 M Pharmacia 2 & , 4 BE A 0 AP SO 44 B AR A
B Sigma 23 &, 3L {4 7 06 A2 A B A E =
AHFal . {3 £ 4 HITACHI 20PR-52D & # ¥ &
HLOHUUHAH Y AA);SIMFRXBREFESE(HH
B b i FH S MR BE AT BT s LKB2021 H IR B %4
(Bh#L LKB 4% &) ; Bio-Rad Mini [ EH E A #.3k {X
(EEBEEAR ;752 E4hT WAk REIT( EBSE
=R ).
1.2 AiE
1.2.1 FEEEHMNER SEENEREN T8
BREEEAR 1.0% .48 % 0.5%,NaCl 0.5% )7,
BT 28°C fE 182 4 (200r/min) L35 3F 24h S AR
£>(4000 r/min,40min),BREHEIE FFHR.
1.2.2 HBEERS: TEERERESTEASOKDE
WiHEE AURESTEAN 10 kD MEERS.
1.2.3 CM-Sepharose FF {287 B IER S R -
FET 2 pH3.8 10mmol/L #7 4 2 -1mmol/L Na, HPO, 5%
MR 7 F M B CM-Sepharose FF E T (2.5em x
10cm) , A 200mL & 0 ~ 1.0mol/L NaCl I ¥& # # T4k
PEREBEVERY , T 1.OmL/min, Y 58 i% P08 3 BE £L K
1.2.4 Sephadex G-100 ¥ 2 #7: ¥ CM-Sepharose FF
EAT BT S i 4 4 S AT LA pH 6.5 10mmol/L PBS
2 PP 3E 57 - # Y Sephadex G-100 E#TH (1.6cm x
60cm) , FOF 3 # 47 B, 7 B 0. LD/ min, AR A
MR BEET - 20CHRTFEH.

DA R fb B 4T AT
1.2.5 WHESEEMNSTEME KA DS
PAGE il aE , s B BRI N 129% 1 0.05% % 5
Hr & 3 R250 B0,
1.2.6 BOAREENDE: RA Lowry 355 1T
EUAFEMEARANREES.

1.2.7 HHEBEEH E : H 60mmol/L, pH6.2
RIBEBR S PR ACH] — E M (A = 0.6 ~0. 7))
BEMERE A Y, B 0.5mL BRI A 2.5mL KW
(20C)% ,RHEE G, FEH K 450nm LB NIk &
Smin WHEMR 155 WRIAEE. DA, /mn B 1L
0.001 MREEEN—TEHERNL.

25X

2.1 BEEBASB4L

IS A2 CM-Sepharose FF e
BB B )S , h R Re  7E T, e AR 2 L
1B 45 F T Sephadex G-100 #
Bt HEE A, SRR A 2, e R E N
v WEFEHEETRSEREIACESER. B
B BENa S RRE 1 R TH, A
ARPHEFERERTAMKERAVE , AE
BET2A9F ZR T A AEA, RAFHE
KB 2L g R F] 3279 5u/me, SRS T
34745 35 MR 241 %
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Fig.1 Elution profile of lysozyme on CM-Sepharose FF column
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Fig.2 Elution profile of lysozyme on Sephadex (-100 column
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2.2 BEMSTERIE

A (L 15 2 &9 FF B 88 L) SDS-PAGE i# 17 704 .
BRI 3. aifb e e — R, mAREERB A
HiZEs i £ 8294 39kD.
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Table 1 Purification of marine lysozyme
Procedure Total activity/u Total protein/mg Specific activity/{ u/mg) Yield/ % Purification (fold)
Crude extract 2.61 x 10° 2.76x 10° 94.6 100.0 1.0
Ultrafiltration 2.02x 10° 7.04 x 107 286.9 77.4 3.0
CM-Sepharose 1.01 x 10° 48.60 2078.2 38.7 21.9
Sephadex G-100 0.63 x 10° 19.21 3279.5 24.1 34.7

R ———

B3 si{b7diRENY SDS-PAGE A %

Fig.3 SDS-PAGE of purified lysozyme
1: marker; 2: purified lysozyme.

2.3 BEBNBELERAR

2.3.1 BHEMEREEM pH MIBENNE . £AR
pH 2% vh ¥ VB R R0 AS [ 3B BE T 0 S AR R BT L AR L
B4, i B 4 W] A% AR IS fE A R 1% . pH
8.0,BI¥ 35C . EFTHEKT 3I5CH LB HBREIE
THAMLEEE, SCHIMRRF —EEHE, MBS
H25% ., 1HRIE Margsin 5 191 SFRHEL , BELR
ERAREENCEL. EOCELNE —EA#L
BENBHRAYBEESE AHZEHASAAREBME
m-ﬂ.lo:o

Relative activity/%
Relative activity/%

B4 BEFEMWpHMEENEW

Fig.4 Effects of temperature and pH on lysozyme activity

2.3.2 FEMYpHREHMABEN.: RARH
pHMBEMEHEBNEEN SR LE S 1l 6,
B 5 T 1% B A (20°C ) ¥E pH 6.5 I Bt e , pH
5.0~ 10.0 2 [A) & 52 P4 55 8 47, AR X B35 7E 80% LA
F. BogREVIHER(pH 6.0)&E/NT SOCHE
IR EE,SOCHRE oh E R AN N 81%,

TOCHB 6h EE ZEEDD 2%,

Relative activity/%

pH

S5 HHEMA pH BEH(0T)
Fig.5 Effects of pH on stability of lysozyme activity(20°C)
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Fig.6 Effects of temperature on stability of

lysozyme activity(pH6.0)

233 FUSRBREFHERBESNE N EF W
BPMASRHESEBFHARE TFEREN 0.01
mol/L, [FIRS LA N 4 J& B F 1 R i 1R O 3 IR, 0
BEMENE, ERXNE 2, BE2TH,Z" (G
MBHMAA —ERBIEER, M0 M Ag" MEE
Mg A MR ERT, HAth — 2L & BB F 40 Ba’* \Ca™* .
Fe S¥MBAHBENREREYW WK EMS

KBAE&RETHA RIFHOECMAER.
X2 NOESREFTHRENER
Table 2 Effects of metal ions on lysozyme activity

Metal ions Relative Metal ions Relative
(0.01mol/L) activity/ % (0.01mol/L) activity/ %
Control 100 KCl 104
BaCl, 100 CuS0, 128
Li, S04 98 AgNO, 93
CaCl, 102 FeCl, 102
NaCl 105 MgS0, 9%
MnSO, 85 ZnS0, 135

2.3.4 WRALFKNSBEBEHEOR R X3
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B e s & R I AR, LUK T e, W
EEHEEE SRNEI, ARITA, FRILE
AR SHEEBATRFNEEAEYE, NEEBEER
HEERW,
£3 FRAERANBMEOER
Table 3 Effects of chemical agents on lysozyme activity

Relative Relative
Chemical agents Chemical agents
activity/ % activity/ %
Contral 100 Barax (1.0%) 109
KH, PO, (1.0% ) 109 NaCl (1.0%) 102
EDTA (0.1%) 109 Citric acid (1.0% ) 109
Tween 80 ((0.1%) 115 Na, HPO,{1.0% ) 109
Tween 40 (0.1% ) 115 Ethylene glycol (1.0%) 112
Ethanol {1.0%) 99 Tartaric acid (1.0%) 98
Emulgent OP(1.0% ) 112 Glycerol (1.0% ) 109

2.3.5 FHBITAL-FARKSAESEEIMER
WHE XN 1.4%.0.7%.0.35% ., 0.175% ., 0.088% .
0.044% 0.022% .0.011% 7 &, BT BUE K B3
BHERTIMAR SBEBNIERED FEZF
BREZHE IO BERAETRAERPESR A
MM BESFEE KRR, A% EEX
BAKGEHR), ARAXEE K S H BT
R B R BB I, RN HRE (MIC) Y,

4 BEBOLER
Table 4 Inhibition spectra of lysozyme

Strains MIC/ % Strains MIC/ %

Staphylococcus aureaus 0.35 Klebsielle prneuwmoniae 0.088
Staphylococcus epidermidis  0.175 Micrococeus lysoleiktious  0.35

Staphylococeus albus 0.175 Micrococcus luteus 0.35
Streptococcus mutons 0.088 Bacillus subtilis 0.175
Streptococeus preumoniae  0.044 Bacillus eereus 0.088
Streptocoecus pyogenes 0.175 Bacillus pumilus 0.3
Pseudomonas aeruginose 0.175 Aspergillus niger 0.35
Clostridium sporogenes 0.35 Escherichia colt 0.175
Salmonetla typhimurinm 0.35 Candida albicans 0.35

MIC B EMAERRAERNZ 4, R4 THE
HEMEEIE 2 N EHE 2 CHERAEEY
HIEHE, RISl R BB BB R R
BIAKE ACMEtE ek 0T AL A B FBOR B A 8058
KRR o

3 % #®
AR A A 1 0 7 M R IE A — B

BFST 34 s, HT T 48 1 00 55 2K 50 38 O g PE AR W T
kRN R A — e 2 M R B A S B BUE e

EMBE ARSI R, MEMB &4 T HE M
HHED . BE pHMEWBES S,/ pH A E
T, ERERNTRES, XM NEER NN
RAF MK ER HHEREALES, EES &5,
BLVEEETEE WK ARMTR#E
b2 R

BEREHBEEERREN S0C, FEZE F ik
HEREAXRABREAMBSEHERREY 35C,
—MILEM. B TIREENKBELE D, £ 5
AABP AT MBI, 5T LIRER R AT 48R
HASEm&=Ge R ESE,  EuARETFSH
#.

EREABNEZKHERAER. AR
FemEMERIE 2 M EHEFEEMAER
BEEANHMEY I REHR 2RO ERE(EN
EHEMTIEN EDTA 258 2 2 4 B 58 Bh A fE XX
Bt SR HRRESE —ENEEERY S
HABREERN O EHEGTA LA RRNFEER,
M HFEZEFE R 50C LU pH 5.0 ~ 10.0 Z [ #
ARGHREH, 2 BE TR B REN,
FEEAMES LT AR RENERERMR, FXit
FEMTECEFBZ .

REFERENCES( & £ 37 #k)

(1] Zhang SZ(FKH B ). Enzyme Preparation Industry { B§ % % T
). Beijing (JE30): Science Press (B}t M4k ), 1998, pp.
804 - 815

[2] ChuanJS (BEEME) . Be DD (B KM ). Lysoryme (55 RIBE).
Jinan (H¥#3): Shangdong Science and Technology Press { 111 7 %
FHALRM), 1982

[ 3] Hawiger J. Purification and properties of lysozyme produced by
Staphylococcus aurens . Journal of Bacteriology, 1968, 95(1):376
- 384

[4] Yu KH. Kim KH, Lee JH et al. Comparative study on
characteristics of lysozymes from the hemolymph of three
lepidopteran larvae Calleria mellonella, Bombyx mori, Agries
. bouli . Developmental and Comparative I logy . 2002, 26:
707 -713

(5] Spencer A, Ludmilla A, Morozov-Roche NW et al. Expression,

purification, and characterization of the recombinant calcium-
binding equine lysozyme secreted by the filamentous fungus
Aspergillus niger: Comparison with the production of hen and human
lysozymes. Proiein Expression and Purification, 1999, 16: 171 —
180

(6] GaoXY (FE M), Yoan SQ (W) Mu H (B &t ol
Primary studies on the bacteriostasis and fungistasis of lysozyme from
Raphanus sativus . Journal of Sowth China Agricultural University
(MR RFFIR) , 1997, 18(2):72-75

© FERFEHMEDHFRMATESHRES http://journals

im. ac. cn



424

Chinese Journal of Biotechnology 44 T2 % # 2005, Vol.21,No.3

(8]

[10]

Laemmli UK. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nanwre, 1970, 227:680 - 635
LiJw (ZFEBR), Yu RY(RBIT), Yuan MK(EBAE) e ol
Principles and Methods of Biochemical Experiment (£ L ¥ XK
M F %) . Beijing: Beijing University Press (b5 K2 iR
), 1994, pp.168 - 170

Lin XZ(# ¥ B ) , Hou XG{Z/AK),Li GY (FHK) . Advances
in research of cold-adapted enzymes from antarctic bacteria, Marine
Sciences , 2002, 26(10}: 38 - 42

Shi XJ (EYE{8) ,Lin Y(#KEE ). Peychrophilic enzyme and

[11]

[12]

© hERZE

T T T S T R R [ T

industrial application. Chemistry of Life, 2001, 21(3):248 - 249
Department of Health Law Enforcement and Supervision{ T4 #F 1
4585 %8 7). Disinfection Technique Standard (# # A
#2). Beijing: Ministry of Health People”s Republic of China( 4
ARFAMELERR), 2002,pp.83 -H

SunM (Fhi ). Hong YG (B X H), Li BS(FHE) « o.
Characteristic of low-temperature enzyme from marine bacteria and
its potential use on the industry. Marine Fisheries Research , 2002,
23(3):44 - 49

W RS B ﬁrLIT'IH' o)

journals
R

i2Zh http
A e e e

im. ac. cn



