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IR EREERERRMEANGARTEENEEGE
FEF, KK, ELFC, BRA, R E, fER

(1. ERARZEY TR AR EIT 361021
2. R KK ERE, B HIT 361021)

WENREL 60 pmol/L By HHEIRSd R, BORKEER, 2B F R MEHEE, BOR/
ALERNEERMRE, BLHRRREEATE G75 M4 G25 28 AR, W EW
EHARLEZREATRERBARERLE 4K, #1t Tricine-SDS-PAGE &3k A XR 4
BEENKEET EATRAE, WEREENLSFEA NS 2k, P AR EN 15.4% , R
HeBoE A A WG AE, B b K £ B A E B (Zn-MT-like proteins) , %K H 3¢ fE
BIARY Bk, AT ADARE Zo-MT-like EEXN 3 HAH(AMFE  2ECHEREEE
FEAB)F3ARE(FEF B BE - BEE) WHEEK, 75 R Zn-MTs WHE 4 #
fi®o REN, NRE Zo-MT-like XA EZ KR (LFCHHRE M EF AT
F)MER(ERE . GB)A AL FHHEEHE,1 mg/mL # Zn-MT-like & & 3t & F € 4 & R
W HREXRAE FEMUBTNNEREEAL AN 13.2,17.4.7.2 f1 9. 8 mm; 17 4 X i #F
W BEEURGEE . BALGT, Rl NREE 8 A % # A Zn-MTs 3£ F
AAXBHFEEA o NRE Zo-MT-like EEREERH XA R - F RETF XA ARE
KEW R E; RSBREE; SMRAL; WEEK

FES%S:Q946.1; S 917 SCERFRIRED : A

ZER,MNEAKREGHEELHMEHR BB, MTs BATS4A AR, Ak 5

AILAE MR YR, SRR 82K
T LU RS, kg HER,
B NG ANk b B AR B — R A TLA A A
HOEWIRNIENRESY, v/ RER
(chlorellin) *~* , /NEREEEFRYF+ 0 FE, &
SR -, AR E R, 20
ST HR ORI/ B /N R EE IR Y, T
WX a4 E AR R EBRAER , A5 3
W BN . &85 % H (metallothioneins,
MTs) B—RE0 T8 FRESTE, AR S
AERBTHEAR" . 5 REARAR, i
FTAGTHEREER, %EH7E 280 nm BHRIL
W, T7E 254 nm H— )& W, BRYE AR 4 T I ik ige

1% B #8 :2009-01-05 &5 3 37 :2009-07- 10

FEAmESE", AT NRELBLEEAE
HR S5 R FIHL B 15 AT R A0 ok WA #RE
ARICLL B S W /N ER B ( Chlorella vulgaris) 2
Bk RmE R, I HE e RpTR i,
BE— 2B I R A /D BRI L So I B

1 MRSk
11 ES5EH

2-16 RE#EE LML {8 SIGMA A F]; PGX
ZBOLRIERAM . THERB A R A ;75002
R e AR A S BT MR T % (ICP-MS ) L1200 #U%
BB 3% (HPLC) : X EZ AR AR A ;
TKA-Genpure #2417k % % : 8E TKA 7],

BEG H : ER A RBHEE ST (40771185) s RARHEHRIE AT H (2007Y0028) ; I R4S & 10 H (2009001034 ; [ I THRH
1 (3502220055025 ) ; 523 K2 5 A2 4 % B39 H (2006A003)
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BERE SHRE AW FEHK(BR 4,
IARIIBAEB R RAR) s iz f
(AR, Mk A BB AL EmAR) ;s CBRM
(AR %, b BRIZH TR ERAH) s KL
(AR ¢ kW mBE L T ARAR) R, =
PR BERE R P e (AR 9%, 34 0 [ 2 48 B AL 20
ARARD B (REFMNTRBILT ) &R
MEH (WMEBEAEYEARERAA, 48
60% ),

1.2 EZFAEMEEEFE

KIHFE ( Escherichia coli) |4 B BRI B R
( Staphylococcus aureus ) | i B 2 i AT B ( Bacillus
subtilus) \F= 35 & B B ( Penicillium chrysogenum ) |
2 h & (Aspergillus niger) W B £} B ( Brewer
yeast) , LA b SEI Z AR AR R R A Y TR
Betm Rk IR

SHBEEABKERE03%FRE 1% EH
J%5.0.5% F4L88.0.8% ~1% B8, pH 7.0 ~7.2,

FREFE:0. 1% HEKE.0. 18% FALH,
0.25% B RHE B 0. 82% BEBR4M.0. 75% ~ 1% B¢
g8

BB R FRE:0.3% FHH.0.01%
BRERE 2.5% ~5% I8,

DL R EY 121 CHREXERA.

1.3 XWH*E

NERRFESRLBERERGHHER PR
B, R KB EB AL AR, &
ALBEUDREKEHMEREL (1 gL
NaHCO,,0.5 g/L KNO,,0.02 g/L KH,PO,,0. 3
mg/L Vg ,1.0 pg/L Vg, ) BEATY KIFF. F/h
BB XA KT, A ZoCl, Z8FH)K
&) 60 pmol/L,#EFHF 8 d, BLIREER,
% EDTA FBZIKEVEE , B —E A5 10
mmol/L Tris-HCl 28 1% (pH 8.0) IB-&5 MEREK
FF B 75 B 40 M i 8, & 850 (4 000 /min, 10
min) , FIHWRANE AR IRE . BRI EABERK
JEHE G-75 (3.0 cm x 80 cm) , fj 10 mmol/L
Tris-HCl ZZ 3P (pH 8. 0) PEAR, VEAR M & 5 S8
(254 nm) 1 ICP-MS KEEE S, WESHE
BRENEHRAS . 2ESRH TG 8K
B, BBt G25(¢el.5 cm x30 cm) Fi4k
kiRl , KRB S BB RER AT
JE&H.

WREFEESZONSTE #% Tricine-
SDS-PAGE 3" Wi /NR B LA B AN T
&£,

PRESGLELSFZHRSEE  BEEE
/R B 7R P R O AR B 4l K Y5 ##% , FB 6 mol/L
HCI 5 NH, - H,0 8 pH = 8.0 f12.0, T HE
R pH T B9 MR KOG -

PREBESFOHREBREARSW B
B8 GB/T 5009. 1242003 £ /% b & & B 19 I &
%[11] .

VREELBAZTORBGENREE  BE
B2EEEEZMNE, ZREEKENHAEK
)5, 3 0. 85% By A= BEL K 78 43 1E i , il i, ODss,
Y 0.3 WE B, W EERIKEL N 1.0 x
10° CFU/mL, 2 HBTARMEFL XY B B 100
mL KERHEAE(GFREEAKRERE. XK
BRE BB EFITIRRRE) , BHE 40 ~45
CTHt, IIA 500 uL B ERE BB, SZ SRS
Ja , MBEBA KE LR FrsEREERTILE
AT 3 A~ EHAN 4 mm 1ML, FFEREA
AL FINA 1 mg/mL /NEREE Zn-MT-like
H 20 pL, B FEEHEFHE ISR (405 36 ~38 C
18 ~24 h, BB 28 ~30 THF48 ~72 h) , R
Ja AWLEE I & B 5 (3 WFH1ME) ,
A AR N U R

WAk, R BT IR 4 K S iF MTs 28 LB
T, RIS LA AN 8 B R G /N BRI 0 M R
EEBEET RS RA, 4 B H G E N
1 mg/mLE4 % 4H J S P MTs Y3, 7648 [ B9t
BESER AT, WE NP E S,

KB T % /NIREE Zn-MT-like FEH
HIPLEE 22 R R A B R AR 22 30 (BP SSR %)
47 Duncan K £ & LRI,

2 4R

2.1 MHEREEEANSIBER
SHFEIR/NREE AR R B ABERET
B G-75 AEEISRNE 1 Fin, B 1537 B4k
A — TR SR, 3o 7 BB S AR, B
THMERRE, TRRE— 2 TERANER
oy MALTF 5 101 B ALK 55— 70 H 5k 4
MR AR B BBAEK , (ELREL L Y B0 S AR, i T
RGN B 5 AT & B & H (Zn-MTs) KA1 B
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280 X o R 34 %

— 3, AR Y AR I BRI S
Hor. IWEMEE S BZE 107 BRI, 2 HE
U TG RLUKTE R, & G25 BATHBE, IR
EEHFETHRIA N REFESEARAD .

%)

E 0.4l 254 nm JLeXI 5

z P 2§

2 43l I A TLaxie BN

5 0 S

2o oz | “ 1 8.0X10° Bz

BE 0.1} i laoxir ¥2

S o A 3

E 0.0 s st N (0,0 5
& 0 20 40 60 80 100 120 140

¥ tube number

E1 BEMMERRE G-T5 HEERNS B EikE
Fig.1 Gel filtration( Sephadex G-75) profiles of cell
extract from C. vulgaris stressed
with 60 pmol/L of zinc
Open square ; absorption at 254 nm; closed
triangle ; zinc signal detected with ICP-MS.

2.2 INREBLAEEASTE

& 2 T AL, iR R /N RRR A S A IR
Tricine-SDS-PAGE LM EHr FE 44 8.2 ku,
HAAT Zn-MTs §950- T8 (2979 6. 8 ku) KLk,
LSSk, SRS TR BRI DR B B
HRAEE R

H2 IREREEEAMNEKE
1,2 FREDR AT Zn-MTs $E;3 4. SREh/ NSRS 7n 258 iR
Fig.2 Tricine-SDS-PAGE of Zn-binding proteins
and Zn-MTs
Lane 1, 2;Zn-MTs from rabbit liver; Lane 3, 4. Zn-binding
proteins from C. wvugularis.

2.3 INREBLSEERREIMLIERE
NG AEAHNTEPH 25 2.0 X 8.0
AT HESMR O TEINE 3 iR, % pH 8.0
i}, & HR7E 254 nm 4b7F — /R 1%, i pH 2y 2.0
LT R o B, TRIB7E B BT SR AR
T, XEHTE 280 nm 4k B IR SRR 55, T ZE 190

nm ANAE B8 A IR I
0.15, |
. 0.12 7 _ pH 8.0
@ g pH 2.0
®E 0.09 N
S 0.06 \

3 L L L |\>‘|r Tty Pt
220 240 260 280 300 320 340
HE/nn wave length
B3 /IMRESESEANENEEHFE

Fig.3 Absorbance spectrum of Zn-binding proteins
from C. vulgaris

2.4 /EREE Zn-MT-like B S EBAR
/NERPE Zn-MT-like 7 H B & 2R 4 W
(R . BMEARFTFITANEERRE., H
BORREERD. AR EHNER . EERG
. RREB.REBR. GE8BRE 3 1. &
30.7% ;FREERRA 12 N, o 15 4% kSE, 5
FHEESE I THEABRN2 MHREBRSEEER
HEE,
2.5 hEEE In-MT-like EAHFEEGEHE
HmEEE ERENAESTEREET
AEEEE Zo-MT-like 35 H 35 = KR E (BT
B ISR, A A E RS (&R
R BRI RG22 20 1 Y a6
MRFER. k2 in A Zo-MT-like A
EHAE. EEEIE L AEE, 3 Zn-MT-
like EE A E N 1.0 mg/mL B}, Zn-MT-like i H
MHentHERE SHEFRFEITEBEER
AR 13.2 1 17. 4 mm; Y4 Zn-MT-like T H
TR 0. 01 mg/mL B, X B FPEE == (K FH
HETHE WM HEIER. Fit, &I RAERN K
JAFT B TCHPRIVE R, T 4 B 68 2 BR T AR
ZERAF R AR NAR S5, 1. 0 mg/mL iR XX
PIFP R B4 8 B 42 43 B 0.5 F10.9 mm,
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B MR AL - o P B /N BREE Zn-MT-like FEH R
B R R R LA RS T, HOUH S Jy 4o % R
i 20 £, Bush, LR A B, AT Zo-MTs 33 LA B
i 3 PR THUE T 1

%1 /IERE Zn-MT-like E QR SEERER
Tab.1 Amino acid content and composition of
Zn-MT-like proteins from C. vulgaris

like 2 ¥ % 50. 1 mg/mL i}, I PIFHE C LM
HIfER . Mt B AN Zn-MTs Xttt 3 Ffp B &
K TARIER
£3 MBRIE Zn-MT-like ZEAXEB M EIER
(MEEER, mm)
Tab. 3 Anti-fungal activities of Zn-MT-like proteins
from C. vulgaris

( Diameters of inhibition zone, mm)

BEMRBE N Zn-MT-like 2 ¥ ¥ (mg/mL)
ﬁ%@. ﬁgﬁﬁg( I,nOI) amino-acid residues A fungus concentrations of Zn-MT-like proteins
amino acid amino-acid residues
per mole 0.0 0.2 0.4 06 0.8 1.0

Asp 41 4 FREER 0.0 1.2 2.5 39 57 7.2

Thr 4.4 4 P. chrysogenum

Ser 5.6 5 HER

Glu a1 4 A niger 0.0 24 43 6.1 7.9 9.8

oly >8 > R 0.0 0.0 0.0 0.0 0.0 0.0

Ala 5.6 5 B. yeast

Cys 12.2 12

. - . NERE Zn-MT-like % & 85 4 #4408 8 8 %

ILe 3.2 3 RS X Ay /NEREE Zn-MT-like F H Xt 4

Leu i’; Z MEERE(REFATE . S RAHERE . /T

g o : B BIE) WEFIGEHNE 4 PR, B% Zo-

Lys 5.6 5 MT-like 25 ¥ B B3 <, XF 4 P U 9 10

His 3.0 3 B HR BB ok, 2= XU B R E B

o - ) i3k, R A Duncan % T HB K B 19 45 2%
B total 78 B, 4 Zn-MT-like FEH¥EE X 1.0 mg/mL i}, H

R2 MERIE Zn-MT-like T [ 3T BRI SR
(MHEER, mm)
Tab. 2 Anti-bacterial activities of Zn-MT-like proteins
from C. vulgaris

( Diameters of inhibition zone, mm)

Zn-MT-like & ¥ & (mg/mL)

4l bacteria concentrations of Zn-MT-like proteins
0.0 0.2 0.4 0.6 0.8 1.0
jt%ﬂ:fﬁ 0.0 0.0 0.0 0.0 0.0 0.0
E. coli
ﬁﬁ%mﬁ% 0.0 9.2 10.8 12.9 14.6 17.4
B. subtilus
SREWHRE 0.0 56 7.1 8.9 11.0 13.2
S. aureus
RAFER  R3GRFEY,/PIKE Zo-

MT-like 25 X ML TP 1B 5 T4 ] 4B A , T %o 4
ER(EE ME) WA —ERXMHEES, 1 mg/
mL ) Zn-MT-like 255X F B HE 5 M EH NS
BEZSH 7.2 #19.8 mm {BFEE Zn-MT-like
BEVRET B, HPUETE J R T, 2 Zn-MT-

MECRBE WK,

R4 FRERE Zn-MT-like EOMEERNE RHERLE
Tab. 4 Differences of anti-microbial activities of
Zn-MT-like proteins at different concentrations

In-MTI-like R #WHEFPHER HERS

Vi B (me/mL) (mm) (%) =R
concentrations of mean diameters of standard  difference
Zn-MT-like proteins  inhibition zone deviation
0.2 4.60 3.59 P>0.05
0.4 6.18 3.60 P>0.05
0.6 7.95 3.92 P>0.05
0.8 9.80 4.22 P>0.05
1.0 11.90 5.65 P<0.05

3 it

AERUFH/DREERFESEHR,
#2 Tricine-SDS-PAGE I E A TFE4%4 8.2 ku,
BEARBELESRBRESTENSRESEAN
ATFEGERKER, Hlin, BiEEs"™ 28
ZH I 15 B ( Synechococus sp. PCC 7942 ) #4545 2%
SRTE EH ST BN 8. 75 kus RIEAE #t
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B M B (Synechocystis sp. PCC 6803 ) &5 52K
SBMEHAK S FE N 6.986 ku, 1T Yoshida
ECVRE - AEGENREAEANSTE
AN 11.5 ku, BAF, ABFSE/DHR B, FFER /D
HREBELAFESE (W Zn f Cu) BB EIZHE
BEASBEARATROABRANER,

SEWRERT IREGSSEAAITEAR
PH 4T BOGIBRHME , SR RR AT R
Zn-MTs (45 RFEFTRT e RBERBLEHET,
BEEAT 254 nm LH RIS K, HIGIBTERR
PR REFRAES T 280 nm 4R HTR BB 55
& 3 KOS 45 R 5 ST MTs goeig s’ +
SrHL. HH BREEA BB 254 nm AL
TR R i 6 2R o A S R, T U
&R R , B H R E B T HE™ 5 T 280 nm 4k
A5 BN R MTs 855 OGS A, BRI E B T
SFHHEEIERS 2R, M, 7E 190 nm 4¢
BRI o R B 2 R KBRS AR R, AR
WG/ MR FIA R WA €3 5 B A ik st /hak
BUSSEHRTEMRIE, SR BEW/PIRE
REsEaEWIA IS ERMERTESH A —
SERHIE" . B BN RS A B AN
K RIMEH (Zn-MT-like) ,

/NEREE Zn-MT-like 7 H B REEBR A 51T
HREE— RN THEARSHEI YRR
FHESH EA— MM, B 1 TH,
FREE Zn-MT-like I HAFE AR (Cys) SR A
— 2L s )& R AR H (AN ST MTs) B9 Bt
HAREE(33% ) D, BI5E3 15.4% ., MHEH
REALENITERAERMAZLR. B,
¥ Zn-MT-like EH E5WHA Y EBRELE
5t L ER—E LW, BOFERBRNES
FE P, ARMESENESBRE D HEER
HEWAEF, B ERRBHREEREL
BA S ANEER, HPERERTEN G 5% &£
£,

£ 2 MR 3 WPLEE RIS REY, DR
B Zo-MT-like EHMNE=ZRHBEENEERLS
WHIER, BN E2REEENRERISTE
B, T X R f A R T R e R U B A I AE A
ANERBEDU B T 15 B T UG SR LA
REA SIS ZHERA X, WEABR/D
BREE ( Chlorella pyrenoidosa) Rt KIGHITFEE B 55

B0 R PE R, T X B S 22 I PH M TC A AR
FEU ;i 455 32 38 M 3 ( Pyramidomonas delicatula )
Yo PR 22 G PR DA B 22 IR B 3 — E 4l
HIEHE" . BV —Fh IR, SRR S M
FRHBIEE G WA R, g K/NIRE( Chlorella
pacifica) ZFERBYI T L AE M AEEHE B&
M RIAE R, T 2R R SR B 20 R AR 43 4
MEEA—ERMEER" . Wb, RRANE
FIRBE H /D IRENRE AL S ST TS
WREIRBUB R BA [, FL il 1 R E B WA B
AR, REBA, NERIE Zo-MT-like % 5%
B 22 PR BRI JC A0 I/ R, T 5 22 FG PR LA
REWYA BENMEEE, BRENFRSR
R, BSR40 B Y 40 B O AR R R T
HE A AR SR ORI E, [
AT R IR INE R 35 B/ DR B E A AR S HH0
BETE AR 55, T S A MTs B Hi s iR 55, B
M, /NERBE Zn-MT-like 5 HEPLE T ISR
St — BT KA RN ERBE SR A T SE IR

BE K-
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Studies on the structural characterization and antimicrobial activities of
Zn-MT-like proteins induced from Chlorella vulgaris

LI Lian-ping' , ZHANG Xiao-dong”, HUANG Zhi-yong'* ,
YAN Qing-pi’, LIANG Ying®, XU Tong-ling’
(1. College of Bioengineering, Jimei University, Xiamen 361021,China;
2. College of Fisheries, Jimei University, Xiamen 361021, China)

Abstract ; Chlorella vulgaris was cultivated for five days under the stress of 60 wmol/L of Zn** (ZnCl,).
After harvest by centrifugation, the algal cells were washed with EDTA and water, and were homogenized
by a supersonic cell disintegrator. After centrifugation, the supernatant, a crude protein-containing extract,
was separated and purified with a gel filtration column ( Sephadex G-75, 3.5 i.d. x80 cm) and a desalting
gel filtration column ( Sephadex G-25, 1.5 i.d. x 30 cm). The obtained Zn-binding proteins were
characterized with several analytical methods. Results showed that the molecular weight of the proteins
measured with tricine-SDS-PAGE was about 8.2 ku, and the cysteine content of the proteins was 15.4%.
In addition, the characteristic ultraviolet spectrum of the proteins was found to be similar to that of the
standard MTs from rabbit liver. Therefore, the Zn-binding proteins were referred as metallothionein-like
(Zn-MT-like ) proteins. Based on the agar hole pervasion method, the activities of anti-bacterial and
antifungal of Zn-MT-like proteins were tested. The results showed that Zn-MT-like proteins strongly
exhibited the antimicrobial activities against gram-positive bacteria ( including Staphylococcus aureus and
Bacillus subtilus) , Penicillium chrysogenum and Aspergillus niger, but was insensitive to Escherichia coli and
brewer’ s yeast. The diameters of inhibition zone for 1 mg/mL of Zn-MT-like protein were 13.2, 17.4,
7.2 and 9.8 mm for S. aureus, B. subtilus, P. chysogenum and A. niger, respectively. However, no anti-
microbial activity was found for the standard Zn-MTs from rabbit liver. The antimicrobial activities of Zn-
MT-like proteins from C. wvulgaris may be helpful for the further comprehensive development and utilization
of the alga.

Key words: Chlorella wulgaris; zinc-binding metallothionein-like ( Zn-MT-like ) proteins; structural
characterization ; antimicrobial activity
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