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B E: B M AAMEEEMFLERRE (lactic acid bacteria, LAB), Ay H e il AR v it o7 FH 85 5 kil
73% L De Man Rogosa Sharpe (MRS)HIl M17 NE7FR3E, itk G010 h AL RR B UEF T 20 88 %5 8, ilad Bifg
ALY HOR L BA T IS TS FLRR A, I T B TR . WIIRERRE Ty, MWL . pH . KRR ] Y fUER
Mo @GR UKRBIFE . S8OEERE . MRUTTIRE . Al 2E AR B 048 /R AT I RaE PR, A%
— MR SO B AR R ST 1 PC4A-5. HIMIFLAT I PC4-5 7ERR I &1 (pH= 2)wﬂthT %55 43.79%,
0.5%HER LB 2 h S5 AATG A5 H) 21.02%, BEEIREYIFLATIE PC4-5 A BUFRITHIR . M IBERRE ) . S HFmR
AESEE I, KR RIS HOROR BB TS, B B S AT Rk, %%iﬁﬁﬂ@%ﬁ%éﬂﬂ”@“%ﬁo )
FTE pH Ry 2~6 FEHEIAMIERE ), BABIFMHEEN. 4 MWFATFE PC4-5 & I FRRME S i B
PRAF, 6B DR v () 1O FH A BRI T o
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Screening of lactic acid bacteria with producing bacteriostatic substances and
study on its antibacterial characteristics

DU He-Chao', JIANG Jia-Jin', WANG Nan-Nan', LI Jing®, FENG Mei-Qin', YAO Hong-Liang"

(1. College of Animal Science and Food Engineering, Jingling Institute of Technology, Nanjing 210038, China; 2. College
of Science, Jingling Institute of Technology, Nanjing 211169, China)

ABSTRACT: Objective To screen lactic acid bacteria (LAB) with antibacterial activity and lay a foundation for its
application in food preservation. Methods The LAB in the traditional Korean kimchi were isolated and identified
using De Man Rogosa Sharpe (MRS) and M17 as the culture medium, the LAB with broad-spectrum antibacterial
activity were screened by agar well diffusion method, and their acid and bile salt resistance as well as sensitivity to
temperature, pH and fermentation time were analyzed. Results The antibacterial activity of Lactobacillus
plantarum PC4-5 with the best antibacterial effect was screened by using Escherichia coli, Staphylococcus aureus,
Salmonella enteritidis and Bacillus subtilis as indicator bacteria. The viability of Lactobacillus plantarum PC4-5
reached 43.79% after 2 h treatment in acidic condition (pH=2) and 21.02% after 2 h treatment with 0.5% bile salt,
indicating that Lactobacillus plantarum PC4-5 had good acid and bile salt tolerance, after the experiment of acid and
hydrogen peroxide removal, the antibacterial activity of the fermentation supernatant was still retained, and the

antibacterial activity was lost after protease treatment, indicating that the antibacterial substance was bacteriocin. The
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bacteriocin had antibacterial ability in the pH range of 2-6 and good thermal stability. Conclusion Lactobacillus

plantarum PC4-5 is suitable for preservation of acidic food and has great potential in food preservation.

KEY WORDS: lactic acid bacteria; antibacterial activity; acid resistance and bile salt resistance; bacteriocin; food

preservation
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FLER T & — 28 V1A % 4> (generally recognizedas safe,
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WA AR . AR MEREMEY R, &R
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FEROR H 232 8T AR 25, AT £ iy A 7 B2
SRR, A e i AL 2 B T R R 20 2 P HETE
FERFAT 3 . R0 AR A W R R il 977 R0 2 7 1A 0%
VRS 0T 28 2 A0 A 7 A s it el e A A £
FUER RN PR A A SR E R E A2
ko FLRR B ANTE R HA ML . et s HoRIEF
w AL, TR b, w] DA R e B T Y
D) BRI, LR T S A T 3 B VR B
3 Rl R DR AR A AR A BRI RCR,, DRI REAE TR AL . 5]
N TR 2 Ry R C T (R (5 R

Hy, SR = AR 2E, (HErl b4 /r 40
P E A L R B BR B (nisin) A1 5 Bk B & (pediocin
PA-D)!O, CLHETE AL TR AN T K MBS A, X2 IR
AR B R RCR B 22, BRI T A Tl A i v
W, A ST LA 18 T 57 T R T R ) S FLRR A, O
G3 BT H AR A R RN AN A R IR, S HAE A B R ]
AT ¢ 07 A HE BRI AR

1 MR5RE

1.1 #R5RF

FeEfh: FTCREETRAE 3 mralh EAR K A, A
T A, R GG S

KIBFFH ATCC25922 ., MiFZFHIFFTE AS1.1846, 4
AR AR ATCC25923 7 #7011 IR A CICC21527 4 il
R H SRR =R YRE S R TRER R E S
P S0 AR AT

De Man Rogosa Sharpe (MRS) 753 \M17 1537 |
Luria-Bertani (LB) R : 3535 . AU ABUNE R (L flitf B
et A R D, 322 RO R SN B B AR ARE
RS D), 20 B 2k DR A 42 IO 7] &5 (95 [ Omega /Al );
2xTaq Master Mix (Dye Plus)(R5 &g MEREA IR A BR A
H]); DNA 43 F i brifE Marker()” M 4 A )R TR F]);
16S rRNA B4 3858 15 14 (G5 M G E R A\ o

12 UFE5EE

BXM-30R 73U I 28 K B (i Rl A BR 2
A ESFE4ET); BHC-13001IA/B3 A= )2 AR (M ik 15 45
AHMRAF); TC-96/G PCR ¥ X (B H A FR/AH]); GI-1
BB RERE(GE RS RIS RA A,
SPX-1508SH-IIE i 3% F2AH (1 197 v ST 28 Al ol 3 A PR
"), VHB-400 2% 8 fltss (- i 4Emh e B BB A R 7)),
PHS-3C A% pH 3T (R SR #E B/ 7]); BlueStar A
AT WA G BTt AN B PH LR AR A BR 2w
1.3 LWHE
1.3.1 SLBRE 4 5 B LAk

FATCTRIERFHL 25 g LSERESD, INAEIF 225 mL A= HE
EARMHEIE R, IRAIIRY 30 min, (HEE A S] 4 BAE B
FRWH . B 1 mL IRAIET 10 FEE R ROAT LR RE, MK
107,107,107 F B HL A B 200 L IR AR A T MRS
FIMI7 P4 _E, 37 °CHE S 48 ho HUATEVEHFNZE 10 mL ()
MRS Fil M17 AR SR HARE Ty K37, I 25%H9 1T
I ERAET-20 °CrkAil,
132 FZr A/ 3L & ih ik

FeORTR ARl 25 P8R TS LS B2 R F LB A RE
FRHEH, (180 r/min)i% 5% 6~8 h AE WFE /R H . Fo il
100 mL (9 LB [E{AEE SR, FRREIZE 50 °CEA N, BUE/R
R 1 mL AL, SR MEE Ao A

TGN b 375 W 5 PRI RS LR T T S A T
10 mL MRS WHKEFRES, 7 37 °CHMA TR 36 h,
8000 r/min &5.0» 5 min 15 FC4IM 1

SR FHBRE ALY BIOA i vk HA PR E v i FLRR . 4
0 LA 22 EQ B T (O o A ) R 4 2% G BT 1 (4 2 6 i
BJER TR AR BR A o FEFE /R B F-AR T 1 L 2 emx2 em (197
¥, kg S mm BFTFLERATAL, K 50 uL TC4iAE 3
BOMAZIFLH, BT 37 CCHFRM s 75 . bR R R
MEMFEEER, EEMEEERRKT 7 mm BFLRR T
P&V . B IiLARE 2 [ OB AR R . U0 T Q) A
2% PG BH R TR (4 B (0 A A BRERT . A B ZE AT 1) R FE R A
FHELE 3.
133 SLERE e9Ar B %

A BT PR BT 0 B AT RR AT A X R R R, W
FHTEILAS, JFPRBCA P& EA T3 22 [RYe (8, WSR2 1A
B, RIGHTaFEYFEE.
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RF 16S tRNA JEFRY 4@ S [ (27F: 5°-AGAGTT
TGATCCTGGCTCAG-3’, 1492R: 5°-GGTTACCTTGTTAC
GACTT-3")i#47 PCR 14, Witk & : 2xTaq Master Mix Jill
12.5 uL, 5945 1.0 uL, DNA #i4 1.0 uL, ddH,0 i 9.5 uL,
I 25.0 L. LITCE/KAC B DNA SR AE K28 (AXT R, 95 °C
A5 10 min; 95 °C 15's, 58 °C 15's, 72 °C 1 min 20 s, 30 M
FR; 72 °CHEAH 5 mino K PCR 44T BEBEAREEIE L TR AGHT,
FAEIMNEERE R RIS IR S5 . PCR VI RIS,
7% IR S MER A YR AT BRA R TIN T

i HFRERENT 16S 1DNA 7315 £ = E R AW AG
S 7.0 (National Center of Biotechnology Information, NCBI)
B 2 M E R 16S tDNA FEF#AT LR, #iE H
FREMR AR R AR E . MR8 IR IE A, S CRLAT 13 A IR
FITRAR Y 16S TRNA JEH 741, KA Mega 7.0 A R
GLREW, LIHhE BAR AR CR
134 FHARSEALITEH M

AL B HARBEIRR L 2% A0 Rh i 53231 500 mL A9
MRS $:350, 37 °CifrE 5% 52 h, 457 0. 4. 8. 12,
16. 20, 24, 28, 32, 36, 40, 44, 48, 52 h 5 mL &
PR, T E JL ODggo pH FHHN PE 1 1 (LA 4 ¥ (R 2 BR 1A
HORED, s E A 3 P
135 FLBRANAARFNE

(V)FLIR B i B BE 7 A

WEALJE B BAR B RE, 37 °CH#f 13557 36 hJ, 8000 r/min
B0 5 min, 5 R, WRTICHE A BEKIEGE 3 K,
JIA pH=2.0 Fl pH=3.0 ELERIAIR, IWHEEIKR, HRIFE
Lh 12 W5, KR BRI T MRS [BIRE; 73, 37 °CH 3%
24 h, FEIBARD)IERBOEER, LRER 3 )M,

LR B T B A7 %5=1gN2/1gN1x100% e))
A N1 A TR IR T W E(CFU/mL); N2 ShZERik
IR 5 BTG 2L (CFU/mL).

(2)FL IR P it AR BE 1 A 52

PRGBS BN 0.3%F1 0.5% HEL K W,
WHERAR, BE 1 h A2 hE, KRBRIRA T MRS [Hik
RiFRIE, 37 °CHiF% 24 h, SRIFHEIARQITE FER S
R, YLIGEL 3K,

FLER B AR SR A7 06 it A=

LR TR i FH £ 7778 2R =1gN2/1gN 13 100% )

Ao N1 g IHER AL PR AT A9 15 TR (CFU/mL); N2 SyfiaEhAb
FUJ5 2 h ITE A2 (CFU/mL).
13.6 HALEL. it A4k S A7 @ AE A 09 B

FLRR e AT B AU ST AR R, K&k
FLER . ZERSA LR AL AL AN, T HERR X e R Y
WBEYER, SEFT00F SE56, B A 1SR pH JH5 5.0 J5 e
M1.3.2 BRI e HAM A e M, IR pH=5.0 2R
FLER AR LA K e FIEEXT IR, #E 900 pL pH & 5.0 A9 &
EigEHOINA 100 pL o A4 SRR IE S 50 U/mL), e

FCA P B, RS R AR it Ak E R Y pH o 5.0 19 K 8%
IR AR R B LR R R
1.3.7 Z&QBEKEZE

R T PP LR R R 0 5 A B P AR, 43 R
A BE[pH=7.5, 10 mmol/L fREhZ% v} (phosphate buffer
saline, PBS)]. #& [ [iff K (pH=7.5, 50 mmol/L Tris-HCI)Fl'& &
FIfiff(pH-2.0, 0.1 mol/L HC)AE Hof5il pH T Ab¥E PC4-5 & %
B3, A B A ERE N 1.0 mg/mL!'Y, 7E 37 °C
% 30 min J&, 7E 100 °CHI# 5 min Z81b 52, AT
Wi e R R R B R pH, RN E BRI, DR&Ah
PP IR A T LT Rl B
1.3.8 pH T LB EiFrE e e ®on

F 1 mol/L AYERFER AN 1 mol/L By S ALEN, K E3% pH
SHITEE 2.0, 3.0, 40, 5.0, 6.0, 7.0, FUIAELFER FXF
B, 1.3.2 PSS v M BE ME, SEIER 31K,
1.3.9 BEAT A EFEITE AR h

KWW T 65, 85, 100 °C/K¥# 20 min, &
121 °CKF 20 min, PR IRAZ L mEA R & B LS
X B, e LA TERE, SCIREE 3 IR,
1.3.10 ka2

K FH Excel X SEIG B EF 74307, SEIREE 3K,
28 WL S Y B0 ME (i 22 (mean+SD) 3 7~ . R GraphPad
7.0 414

2 HRESR

2.1 FABEEMTFREMNEE
211 FWAMRARB G HiLER

SRS P B2 27 MRILBREE, Sk vifiifne
T IR AR F] S B BRI TR Y B AR (R 1)0 31X 5 BRFLIR T
2% PCRBH A TR AN 22 [ B AR A — o MR, R
AT A A B B B IS I B e, 3R B
22 PG PR TR O B ZE AT 1T . 4 90 €00 A1 A BsR VA1) I 10 B A5 SR
P F 22 B (R AF I . RV TTIR ). HrP bk
PC4-5 HA s IR, B, wEEEwtk PCce-5 M H
PRIERR, 7RSS0 .

x1 FREEHRERENNEERERN=3)
Table 1 Inhibitory zone diameters of different strains against
indicator bacteria (n=3)

— A B/ mm
g IR ) KB 7
FFA AR TR
PC4-5 12.5+0.24 11.3+£0.23 10.5+0.41 9.5+£0.36
PC4-4 12.1+0.23 11.1+£0.47 10.5+0.24 9.1+£0.47
PC3-2 11.2+0.34 1.05+£0.41 9.1+£0.24 8.2+0.41
PC5-3 11.1+0.22 10.2+0.62 9.1+£0.47 8.5+0.24
PC4-9 10.3£0.41 10.1+0.32 10.2+0.28 8.1+0.41
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212 BMEAKRGEL W, TR PC4-5 ARG BER(E 3), LLT fift PC4-5 1)
() EVE BB LE R PRI G Z AR A £ (0 R G0 R A, PC4-5 SAEYFLAF 1A (L.

WPk PC4-5 MRVRTES 2 I A6 JTE MR A& plantarum) e [7] — 4332, [R5 15 4 7L FF 74 (Lactobacillus
FEDCIH (B LA) IR 2 [ ARG B SR, PC4-5 2> pentosus) > 4 3¢ & e ift, FLIR A T 1% ZLAT 1A (Lactobacillus
CREMERE, 2R, TP HI stk PC4-5 R R AT casei) F1 & T 1% LT 5§ (Lactobacillus paracasei).

(# 1B). SRR FEMEE AV F 5 MW R G R E 5
FEEMOHT, B Z AR LTS, A g AR AL
T PC4-5 (L. plantarum GZ1-27),

Bl 1 Bk PC4-5 BB TETE AR (A X K

Ye A E 1000% (B)
Fig.1 Colony morphological (A) and Gram-staining microscopy
1000% (B) of strain PC4-5

(2)PCR % E 45 R

TARE PC4-5 1Y) PCR 251 BT, K/MEE 1500 bp, H
2 AN BTG Sk (B 2). W45 A8 NCBI 38 615
BLAST BRITH X, KEE#E PC4-5 SHIYFLA &
(Lactobacillus plantarum 3334)H9AHM: S 100%, #1253 I My Marker (DL5000); 1 53KiE T bk PC4-5 (199 R 27 2

i PCA-S HHITLIF. KR L
. : e _ s % i ey ik X
. e . s ig. r gene amplification product electrophoresis o
AL AT R (Lactobacillus spp.) LR HI S % strain PC4-5

Lactobacillus plantarum 3334
63| Lactobacillus plantarum S-24
Lactobacillus plantarum JY28

100 | Strain PC 4-5
Lactobacillus plantarum AN7

94 Lactobacillus plantarum THG-T8

Lactobacillus pentosus GP6
Lactobacillus casei SR2ZMH

97 [~ Lactobacillus paracasei OR2

951 Lactobacillus casei Zhang
Lactobacillus helveticus N92

|
10— Lactobacillus delbrueckii HD8

Leuconostoc mesenteroides KIBGE

100 Leuconostoc mesenteroides KKP385

0.020

100 L“:Lactobacillus paracasei R094

3 WKk PCA-5S MRS KT
Fig.3 Phylogenetic tree of strain PC4-5
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2.2 EYILIFE PC4-5 BNEMF M
22.1 PC4-5 AKMEAARITAIFH

PFAFIE PC4-5 MZER I . pH A5 fb hZe Fnam i
PEREM AR LM anEl 4 PR . DA ODgoo [EFI LLE i, %)
FLAF R PC4-5 M\ 4 h JFIRBE A, EASTEAEKIE, 8 h
Jii ODgoo 35 % 2.1, 20 h J5i#a TP Fa K .

PC4-5 78 37 °CHigr 4 h )5, WA FLMR ALK, pH JF
U TR, S it ik E 4.2, %20 hfe#a T FFa, KB
2% pH YEHFAE 3.7 247 AEHEFIREFE 0~12 h, pH 22 2R
TR, XEHTFABLREP A T KENE LR,
NI SF80 T R B pH U8 T R

e I WAE 0~4 h ATIAT TR TEPE, 4~8 h 30 B TG bk
HERN(P<0.05), 1€ 24 h N, 0 PEIE MRl wE ik rY 2458
MZEWHEE, 28 h BIHH R, 5 36 h B 35
11.32 mm, ZJ5REIEEA BT TR, 20 h J5 & BRI pH
FkFE, TG B A B MR ARG, Xt ud A R T R
PASR, PCA-5 I 18 A LAt 0 410 31 08 1 0 o

- 0D, -= pH - MEEER

7 - - 12

6 310
T {s £
%4_ (&\i
8 6 i
T 3k B
= L

2 =3

1+ 42

0

0 4 é 1'2 1I6 2'0 2'4 2|8 3'2 3|6 4'0 4'4 4|8 520
B[] /h

Bl 4 AHPIFLFF B PCA-5 (1425 1K i 28 X 4 0 €00 4 2 BR TR A 4 BT

B H4%(n=3)

Fig.4 Growth curve and antibacterial activity curve of L. plantarum
PC4-5 against Staphylococcus aureus (n=3)

2.2.2 PC4-5 gt B Fuiit R 2 48 /)

MR B pH 29K 2.0~3.0, JFFEFLER RN &
VISR, A —E TN ERYE, R REYE S Rk
RS NAFTE 3R 2 AT AT, 258 pH Ry 2.0 YR 2540 HE 2 h
J&, PCA-5 MITETE FAMRRIBE] 43.79%, Uh B ALY FLAT BRI
PC4-5 HAT — & Wi B2 fig

BEYIEANELT BRI AESEAE, A7
— AR E R A FLRR T A HLA X IR i 57
RES1, AREAEIE I HAHE RS AERY . RS i i R R
WEERHIL 0.5%, AR 2 ATAL 23 0.5%MHERE R AP
2 h J&, PC4-5 MYLETG B E] 21.02%, Ui WAL FLAT B
PC4-5 HAF —2 BT AR RE 1, RENEIE I B i A9 EE

%2 HEYIATE PC4-5 WMTERMEFATAEEL AE J1(n=3)
Table 2 Acid and bile salt tolerance of L. plantarum PC4-5 (n=3)

1715 5/%
Qb PR
lh 2h
FR b Hi (pH=3.0) 64.33+0.79 53.93+1.08
FRALHE (pH=2.0) 52.49+1.13 43.79+0.34
0.3%/JHER b PR 45.73+0.58 32.67+0.63
0.5% AR E: 4b ¥ 33.92+0.26 21.02+0.34

2.3 HEYFLITE PC4-5 LB EiERINE ST
23.1 PC4-5 KB L#FFIE MR F

H 3 ATl YR RIALIR I 2 pH=5.0 Bf, X 4 Fifs
IR ARG, W pH=5.0 M &BE F I IRAR B
SYIVERNE P . AR B B TR T HLER I A A A A
WIR . E— S A A PR, KR ORI B
90% LA I R II TR I, Uk B L 80k U R W R BT o Y
B AR

*3 ANBRMEECETFHHEBRIEERN=3)
Table 3 Experimental result on interference exclusion of organic acid and hydrogen peroxide (n=3)
P B H A2/ mm
Ak
AT B A AR KIAFFE B3R

KWL 11.07£0.62 10.50+0.41 10.17+0.24 9.33+0.24
R 3 (pH=5.0) 10.42+0.53 9.23+0.62 8.95+0.47 8.000.41

L1 (pH=5.0) / / / /

FLFR (pH=5.0) / / / /
R FIE(pH=5.0, i S AL B 10.03+0.36 8.89+0.54 8.35+0.64 7.43£0.52

TE: AR BAMEE, TR,
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PC4-5 kK IS4 A NN . B & AR E A8 K 4
P, RSP T (R 4)JCHOE E AR K 2 HUE,
Xt 4 FiFE 7N B I R U 1k 8 AT O . 4RI PC4-5 i
AT P AT B VR T, RES R AR IR . 25 A HE
TR HELL ARSI, WAL AN A Y TR R R
232 pH & PC4-5 KB EFI A a0

Xf BEEH K PC4-5 1Y 56 R T, pH o 3.7, HIR 5 AT
M1, pH A 2.0 F1 3.0 iF, PC4-5 Xt 4 Fh4 7% B A4 BT 7% 1 45
A . pH KT KBRS, MRS 28~ pH

KT 7.0 UGBS HIHE R . UL FLIT & PC4-5 1A=
(10 B 0 R AR R M 2% R 6B MR A P A PRI 6 12
2.3.3 BB PC4-5 KB L E AL e) R

Wi 255 b PRI BT, KA T R I AT R TR A
Ui PC4-5 4T R AN RACR — & B b A2 R s, 1
LA FR TR R, IR AR AZ s R R . H 100 °CAb
FE 20 min J5, AR ZEXT 4 FIFE/REABIRER 85% LA TR
TEPE, 121 °CAbEE 20 min JF AR 80% A4 MBI TG 1. 3+
BRI FLFF IR PC4-5 K I A AR PR e

F 4 ERBKEIHRERN=3)
Table 4 Results of protease hydrolysis experiment (N=3)

0 B B4R/ mm
AbEE
R ZE A A SV O A ER KA e ARV T TR
papilss 11.07+0.62 10.50+0.41 10.17+0.24 9.33+0.24
JHREE 7.22+0.42 7.56+0.68 / /
5 H 8.59+0.33 8.41+0.87 8.07+0.41 7.13+0.35
B K / / / /
#£5 A[ pH T PC4-5 AEZHIHIE R (N=3)
Table 5 Bacteriostatic effects of PC4-5 bacteriocin at different pH (n=3)
B B B A% /mm
pH
AR ZE AR A SV A ER T KW W VBT TR
popiist 11.07+0.62 10.50+0.41 10.17+0.24 9.33+0.24
2.0 16.00+0.82 12.83+0.85 12.17+0.62 10.83+0.62
3.0 14.17+0.85 11.00+0.41 10.67+0.24 9.83+0.24
4.0 11.67+0.62 10.00+0.41 9.83+0.24 9.00+0.41
5.0 10.42+0.53 9.23+0.62 8.95+0.47 8.00+0.41
6.0 9.05+0.33 8.89+0.57 7.75+0.34 7.43+0.35
7.0 / / / /
#z 6 AREIEET PC4-5 AEREMINERR(N=3)
Table 6 Antibacterial effects of PC4-5 bacteriocin at different temperatures (n=3)
B B B A% /mm
R E/°C
i ZEAAT B 4V A PR KAt e WA RUST TG
papilss 11.07+0.62 10.50+0.41 10.17+0.24 9.33+0.24
65 10.65+0.41 9.83+0.23 9.83+0.23 9.07+0.10
85 10.17+0.24 9.50+0.41 9.17+0.24 8.83+0.24
100 9.87+0.47 8.93+0.17 8.73+0.21 8.67+0.47
121 8.83+0.24 8.33+0.24 8.17+0.24 7.67+0.47
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3 HFit5iTie

KA IE R AR ZLAF o ELA AR S B et
JREEL AT B LD-1 X B AR (G . KT
BT R E A M S 4 . DANILOVA ZEUSIpF9y & skl
P FURT B R T T T A SR A T L 4 o R A BR R R R
J R A AT R AR VR . ASBIR S 0 HH AR A FLAT P
PCA4-5 Nof # % FR B T RV % FR B A A0 A AR A (I 1
M, BAE—ER) %M. ABRREEAING 2RE W, M
YIFLFFE PC4-5 HARIFMT RR A IHER I BE 1, REMETT
ZH miE AL, A HAGA e A R L EAEFRE T
LR, PCA-5 I R AE W ER T 25 0F T A HA B BT
i KA pH AR, MRS MERESR, X5 )20
WEFE L AL, BERH PC4-5 Al FRRPE & S W PRAT . TR,
PC4-5 WA B B A R AT TR AE, 4555 PUMRIW %21
XL FLAF B AOF S AR, 16 T 75 iR TR R,
55 T H FATE L b, PCA-5 300 B4 5T BAG 2R 11 i UK
P, HEHE AR RERS IR (LI, A%t B ik
A fa . FUBRTE T AE R Y RS LR . A
AP RE . WRAEHER . AL EARSLR, PC4-5 &
B E3ERR T A A LR, A A Y R, HFHAA
B, AT S b A IR A ) 25 e TR R

g5 L RTIR, ASHIFSE 0 AT T 0 B A
FUFFB PC4-5, RAUA RIUFARE A5 E, B A i %
PERRRRAE, B D7 S A i B A 47 oy T EL A AR S A g
RS . Z IR BIWFSOR SR e PC4-5 4ITHE 2 25 F4 % 5 Al
EHLHRIBESE, R 32 1 2 S

SE
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