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HE DLABERE N ER, 2R REKE, BRIE, BE., hEMEAR, StA 6 EABREM, KA
15 24 F AR A K R BRI IL A #hok 2t 4 ¥ # % 2k (Staphylococcus aureus) ., 9 Ex f# 2k 1 (Micrococcus
tetragenus) . 1% ¥ 4T # (Bacillus subtilis) YA % & #% #F H (Escherichia coli) 4 A H#H /T M EE BN 2, £ X8
T, KEUEEOBBENNMEEERET, BAEEEOREHRETEULEELEZ, LETEE
MERBRENENGEORERYUNRIR > FESROANMERR, FREFR, AEREOERRER
FEH 40%., 50%HE TG EAWE R i Ey T, EadeTFRENT 5kDa WRA S MHEH B RE N
R, Wi, HZEL#ATTWEERYHE RN SR, EREV LR BB TR BRAERE K

HEA, LT RA KK R & A .
KA

hESES S985 XEIFRIRAE A

8572 (Porphyra) /& 21 #: [ ] (Rhodophyta) . £ B A}
(Bangiacea), | iZ 430 T M FEAF 2 HAH (14380 1] ol 7K
B (Niwa et al, 2009). Z5HE %32 (Porphyra yezoensis)
EREEENATFEEZ — TIREN, JMEXE
BN R BT (S RS 36.31%) M1 20 (5 B 4E,
2004; JEIRSE, 1993; SWHUE S, 2004), HAET, EHHHk
HREEFREIG IR R EE P A
Wi, W3R E A T D CRIEE %, 2008;
= AR, 2005; X T HESE, 2005).

Bt BOR E DY PR A H 25, F ke
YR BT A R R i e 25 P ) B — 2B GE R .
T HRTC & BB P AEAE IR A B . 36 M A R B
B AR 1 A 0] 8L(X) 7 S 4F, 2011; Li et al, 2013),
BB 430 TR R EL AT HEhe e A 1 i R AR K R Y g
FICRFRAE, 2006), FH AR B A £ 1 5 2 B B B
AT K ) SR JR (Hend et al, 2012), HET, FE AN
Xof SR BESESE BN Tk FEBAF R AEIIN T b, R AF AT
AL o ASAF 5T 400D AR BE 45 358 Hh SR HRUAS [R] 395 o P
EA, HAERBaifb i Sent T, JE77 A 2 K 3
PR P O e K L i PRV R P9, M AR B SRR AE
BB S R R IR RS %

LK, KnMEER; BEOH; ZK; ¢2HFCHERE; WHEK
XEHE  2095-9869(2015)02-0140-06

1 HEETE
1.1 #EREiRF

SRPEEIN AVLINE =i, ALl . 4 A%
EK A (Staphylococcus aureus) ., PUIBEfHEKR B (Micrococcus
tetragenus) . A% & FT 1 (Bacillus subtilis) L K K AT &
(Escherichia coli)¥ i & & K m Bk 2= Bl E Y
FALEE PR, B E AN Solarbio f7 A, I 1AL
“Jy 8002500 U/mg.

12 FENFEGESR

DXF-10A B Z Yt O ALo MM T KHE
THUR A AT FRA 1) L TY92-11 8 75 e 40 OB WE AL (T
W 2 RS UESE ) . GL-20G-1T 12 33 ¥ 7 5 0 AL
(Hitachi), Labscale /NEY] ] i 1€ 2 48 (Millipore) |
Sartorius PB-10(F§ Z M Hkl s A R AR, dbnD).
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132 FmEREFGHRRHNE THEWRPREL— & 133 4 mEXEBEOHMSIKRITA TG e
HECERY, 7 1 So(wiw) A ZEIR K, Wik 1-24d, TAFRICEE 4 FPARBEE S A, 0 0liA T R RN )
—20°C ., 4CREGRAIR, MIAEEEFE, @A n/s  pH BERERZ vhi b, 80°C/KiE 10 min LAREIREE H it
E R UREL 15 min,  _EIE RN A K M LR ()25 | S5 4, (H AR IS A L 5 T i U0 (O A = 5%,
W ULVEY M AGE & 0.1 mol/L NaClYAW , i HE 10 min+— 2011). 49 B E AR . AJRE A . hyEE A,
JEEL, DI R PR . Fe AR T R ARG . R AR E A A RS B IR R
DMK BE R VA PE RNV R 8 ML . R T R4 T (38 DEGRF 3 h, SRABUEFLY Bk o 5
LW AT B LA 20%—80% 10 A1 B &% R B L b R it e 0 A0 A5 400 BT T A O B A s TR R L
B, G UE, CBUTTEEATIR SRR, TS AR EE AEPURE I PR X 0EE EOR AR

HEH

®1 cMEAMBERERMEH

Tab.1 The best reaction conditions of the six proteases

B Enzymes BRI FEOS LAEA REE I AJREFIES b
Trypsin Pepsin Compound protease Neutral protease Papain Acid protease
pH 8.1 1.8 6.0 6.5 6.5 2.5-3.5
13 Temperature(C) 50 37 55 50 55 40-50
S Wi B[] Reaction time(h) 3 3 3 3 3 3

1.3.4  FRLER % BT o B Aw M0 i RPEEEE RHBURIL Y BOE I & AR pH AL PR Xt 4 75 L
10T B B R B SR AT 3 G A S IR R I S (1997 iE AEREE M EIE R . BANFE S 3 AT, S5
170 B LR I AR BEESR R A AR TR IR L BOFIA,

ST PDTTE (TR FR B AL 435028 20% . 30% . 40% . 143 £mEEBRAGRY S IRESINH RN Y
50%. 60%. 70%. 80%), 4 CHHE I, B.OMBIULEE. W ZIKIRIAEREE N 80 mg/ml, RFH AR
R ATOE LB IREL, FRA TR, BeERE2H  RIRFEBGS A4, 2014), 2HE/MEEN 10 mg/ml,
it A Jo AT AR TR R O R R G PR SRATBUIAL Y B M E M EE M, 37 CHEIR R
22 IR I 119 43 2 B A BOAT 3 A PATSEE, S5 RBCFHME.

135 MEHBAFEMIFLE KA Labscale /NiY]

b R S5 (Labscale TFF System)tf ik E 2 FAoea oM

: e AT R + s - N . s
IRV BRIAor FIRELSS KDa S-10KDay 4 o e o s e 2 3 AR M D 1
10-50 kDa. 50—100 kDa F1>100 kDa 432 , ¥4 FH %t

437 W it B 22 WY VR TR ASH R Y 95 E % PSR PR SRS o ABRTOAT IR 2 A
6% B 0 B 4 O BB (BB 22 1K) PRI UK dh . BRI R, X5

. s (A A ERTAT . UK BT | AR AT R LA BRI AT R
14 FREFAREMAEELE 4 RS ATER 1030 5 DL 1181 4 R el A
141 FRFREAZEIFARREOLE ZME  FPOR NI R IT 10 B 2 B0 4 7z
ACREH o RRED 50 mg/ml INARBERRBUR BB — s MR, ELL B 2R 1 R A K T
ZIW AT A 10, 30, 50, 70, 90 F1 100°CHITE 25 14 745 22 Bk 00X 4 98 €0 81 265 R T 1900 900 11 050 By
IR/KIPALFE 30 min, DAZR I8COMX IR, LBE B, B, 52006 v E B AR K, 4
SEHIYHIE] 4°C, 10000 1 /min @0 20 min, BCETE S (AT ER AR R AR I XA BE S S b 2 1
e, R HBERE LY ORI E AN R BEAC BRSO 888 450 25 ali A R FC T At 22 IR AT 43 SR 396 e 2 R 22
GREERE M EIEN . SRR 3 DTS, i,

ZES ST . I
a2 TR DM AR R BN SRy 22 TSRS AR E L SR
Mo AR S0 me/ml 92 KIS B pH A 0 o 4 ] — 0 8 4B AT A

% 3.0, 40, 5.0. 6.0, 7.0, 8.0. 9.0, 10.0. 11.0, ERPTRCR o SR BEEEK AR B B R B SR AT 45 R 4
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Fig.1 The antibacterial effects of peptides from water-soluble proteins
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Fig.2 The antibacterial effects of peptides from salt-soluble proteins
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Fig.3 The antibacterial effects of peptides from acid-soluble proteins
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Fig.4 The antibacterial effects of peptides from alkali-soluble proteins
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2.3 EBREYBIEIES R IAK A B %5 EefE % BREHD
B MENESER

W 55 TR 58 SR /K I 1 T T A ) R
STIANE 5 AN, 394 1 (Mr < 5 kDa) ., 27
II (5 kDa<Mr<10 kDa). 243 I (10 kDa < Mr<50
kDa). Z%4) IV(50 kDa < Mr<100 kDa)f1£¢ 4> V (Mr >
100 kDa), B A TX 4 8 €0 % 3K T A4 R ASCR WK 2,
AR 2 AL, 3R 5 A4S0 40 % 4 vl (0 4 BR T 1 A 45
SEINHIGEPE, EANE B EAHE 12 mm DL B, H,
53 1 (Mr < 5 kDa) A4 14 Bl FLA% A R (18.70 mm),
TEHEDLF HAG Sy, %P5 RSB SE P 2K
I 3 B A S R G R TN, X 5 G T R4
TR/ GBI A SCHERHE 45 5 — 3 (Bulet et al,
2004; Reddy et al, 2004), AR gtge s 175 M £ ik
HEFT I PR S e R A

24 EMEFMESREENZMES

241 GBEMFre AS[E AL B 0B T PR R R
Mz R 6 fras, MIE 6 nTLIEH, 7 10-100°CikE
FEJE R AL 30 min XFHTER 22 B B0 B RS JE I i
SEM . HENX AT BRSO PL I Z I N, AN R4
AR A2 254, PRI AN 2R 5 52 B AKX H
SERIBRE M, IR R 22 BRI IR e Ay, 51
HAFQOIDRIE L KA

2.4.2 pH #9%+H A pH {E X BT 2 BRI B TG
YRRz WP 7, i 7 AT, fESY R pH 3-6 M pH
10-11 B P, 2RBE S H0TR 22 K35 DR 45 i s 16 14 (A
W EAKT 14 mm), XIS I Hancock 45
(1997)IWF 5T 45 S M LA R, BIAT SEHT B RO R )
B0 R S e Y pH ER B B BBk . (H
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Fig.5 Effects of different ammonium sulfate saturation on
the antibacterial activity of protein hydrolysates

FR2 ENRFEHNEHEEERENIEFE
Tab.2 The antimicrobial activity of polypeptides with
different molecular-weight to S.aureu

2443 Fraction I n m v Vv
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Fig.6  Effects of temperature on the antimicrobial activity of
polypeptides to S.aureus
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P 2 IR A5 L S W TE pH 7.0-9.0 Z (1],
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Fig.8 The antimicrobial activity of polypeptides at different
concentration to S.aureus
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The Antibacterial Activity of Peptides From Porphyra yezoensis

SONG Huiping, YU Jia, LI Shan, WEI Yuxi”, WANG Wenxiu, XU Lina, HAN Dan
(College of Life Sciences, Qingdao University, Qingdao 266071)

Abstract Enriched in proteins and with similar amino acid compositions to the terrestrial vegetables,
Porphyra has become an important economic marine algae with high nutritional and medical values in
China. In order to obtain peptides holding antibacterial activity, Porphyra yezoensis was utilized as raw
material and water, NaCl, HCl and NaOH were used as the solvents. Water-dissolved, salt-dissolved,
acid-dissolved and alkaline-dissolved proteins were prepared by the extraction, ammonium sulfate
salting-out, dialysis and freeze-drying, respectively. The four types of proteins were hydrolyzed
respectively by pepsin, papain, neutral protease, trypsin, acid protease and compound protease under the
optimum conditions for each enzyme. Twenty-four hydrolysates were selected to evaluate the antibacterial
activity to Staphylococcus aureus, Micrococcus tetragenus, Bacillus subtilis and Escherichia coli that
were used as the indicator bacteria. Moreover, the proteins were divided into 7 portions by fractional
precipitation with different saturation degree of ammonium sulfate; and their hydrolysates were fractioned
to peptide fragments with different molecular weights by ultrafiltration. The best antibacterial peptides
were evaluated by comparing the inhibitory effects of hydrolysates to the indicator bacteria. The result
showed that the zymolyte of water-soluble proteins hydrolyzed by pepsin presented the strongest
antibacterial activity. Thus, antimicrobial peptides were achieved via fraction precipitation by ammonium
sulfate for the proteins, ultrafiltration for their zymolyte, and the ammonium sulfate saturation at
40%—50%, and the range of molecular-weight was less than 5 kDa. In addition, factors (such as
temperature, medium pH and antimicrobial peptides concentration) that affect the antibacterial activities
were also studied. The results indicated that the antimicrobial peptides from Porphyra yezoensis
possessed good thermal and acid-base stability, which may be candidate for a safe food preservative.
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