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ABSTRACT: Objective To investigate the antibacterial activity and mechanism of Cyclocarya paliurus
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concentrations of CPP, the inhibitory effect of CPP on bacteria was analyzed by minimum inhibitory concentration
(MIC) and growth curve. The best inhibitory effect of the tested bacteria was from the aspects of conductivity, cellular
protein and nucleic acid content, reducing sugar release, respiratory chain dehydrogenase activity, lipid peroxidation
degree, intracellular adenosine triphosphate (ATP) content, extracellular alkaline phosphatase (AKP) activity to reveal
the antibacterial mechanism. Results CPP showed significant inhibitory effects on Staphylococcus aureus, Escherichia
coil, Listeria monocytogenes and Salmonella typhimurium, with MICs of 2, 4, 6 and 6 mg/mL, respectively. CPP showed
no significant inhibitory effects on Bacillus subtilis. It also affected the conductivity, protein and nucleic acid leakage,
reducing sugar release, respiratory chain dehydrogenase activity, bacterial lipid peroxidation, intracellular adenosine
triphosphate and extracellular alkaline phosphatase content of the indicator bacteria. Conclusion CPP has bacteriostatic
activity. The antibacterial effect of CPP may mainly by destroying the integrity of the cell wall and cell membrane, changing
its permeability, resulting in the release of intracellular large and small molecular substances, inhibiting the respiration and
metabolism of cells and causing oxidative loss, thereby affecting the growth and metabolism of cells or causing cell death

and achieving the antibacterial effect. The results of this study provide some basic data for the exploration of the

antibacterial mechanism of CPP.
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FE&MI[Cyclocarya paliurus (Batal.) Iljinskaja]/2& 3% [#
W HFF R T 2 B R, 2013 ARt B st ok
H MR RIS A R Py s A&, 4 (b Erh 3%
VKL ) SoEk, FHEMIN RIS R RBR, K&
WFFE R, FERME & 2. s BRI R S 2 s
PEVIIE, FLA SO R ACHT . I A BT R B
REIAS . BR [ f SR R R R

Z Wi (polysaccharides) e FH BABE 22 [a] [t 7K JE RSB 42,
I OB B V30 0 S0 B2 1 R BEIR R A ) R —
KRERRTH), 2R AT . Y. MEYER
MU, BFFER B, MY 3R KR 2R AT A L
VAT | BRINUE . HUR . EARE [ B L A A KT 5
W B HATCY IR, SO 32 e
W2 ek 2R AR TR 2 b 2R
i Jl e Z2 U OV R AR 2 B DI I HAT IR VE R . R
il Z B (Cyclocarya paliurus polysaccharides, CPP)J2& & £k Ml
EEAIEYE R 2 —, BT E R e i T
SRR R R BRI BR P G e T
ARG D T, TP RS A g P A ), CPP ORI
TEPEZ I 26 2R i RBIRARSE, TG A IR A .
I, AW LATT B J5ORHRI 2 CPP, JF AR X 40 T4 1
PRIt 18 L AR S TR A T I T AL A ST, LA CPP
ViR Ty RE I R ¥R & 25 90 O & 5 R LR 25

1 MR5R%

1.1 #XE#. MRS
S OZEIBRE CMCC 26003 (Staphylococcus aureus) .

FIASHEEE TG T ATCC 19115 (Listeria monocytogenes) . i
ZEHIFF I CMCC 63501 (Bacillus subtilis). KHHFE CMCC
44102 (Escherichia coil), FGFEWITIRE ATCC 14028
(Salmonella typhimurium)()"™ 4 & il 2E P BRI )

TBMICEI A B2 AT R A H)); LB iz R
LB Zifigdiaedl . WO IR R A RS 5O R
BHEARRAT); 022 um CA BERL4EERs( FigEFFSl
HFRAT); DNS BaF( M E R AR A ), =
4 Z P& (trichloroacetic acid, TCA)(4r#fral). 2-#ifCE %
PR . THLAY L DU MR £2 (jodonitrotetrazolium chloride, INT)(4fi
98%) (L TR T A AL RHE O A BRA ), ToK ZWE(HT
gl R TR AR 2 N A B A E ) B R AR 2R v i
(phosphate buffer saline, PBS)(Jt 5t &K F R A R Al);
TR PERE R BRI A . — B AR AT & St el (R LA )
TR RT); BCA B 1k M e i & (H iR s RAEY
HARFR A,
12 UFE5EE

SPX-250A A= b 85 3% 4 (L W 45 R A8 A BR2S HD);
INFINITE 200 PRO 4= K EFFRMY(Eh L7 15 SR BR 2
ri]); BSC-150011A2-X A= 4)%¢ 4Mi (v 28 D1 75 A= 0 R A B
Z3w]); UVIB00PC #EAMT] WA O BE (i 25 AR AY
AR T, LDZX-50KBS 5738 5 B2 X K # e ( FIEH
GEIT M) ), SKY-211B # R (¥ JR 3 sl A R A
F]); TGI6WS 5 2 i B0 AL (B R 1 T8 (AR A BR 2 FD);
LC-JY92-11N 7S BRI R AP A B HD)
1.3 5 %
1.3.1 CPP#y# &5 4Fme

P2t st M, HORHR EE 1:120 (gmL)mskiz
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W1 h, UK 3 K, BEEREISHI 2. 20 1Th, AIFER
PEATHEAR, WS ARTRE T, MbeE, it 80 B, 155
TR . Z218/K IR pH R 8, FBCEHNAEE 1:20 (g:mL)
AT ERMIMR2R, K7 3 h, 4000 r/min #5.0> 5 min £33
FIER, % 11 (V) EEBITIIA 5% =5 28, 7% 30 min, &
DEREAR, BREE, IMATOKZEERRE 24 h, DL E#E
EER 2 K, Ja B0 TSR 20 R AR )T
H CPP #3217 15 CPP 4l H 58.54%., LW IF R B R
FHBR R -2 200 52 B0 L 46 5 B B (X, mg/mL)Ry
fEARBR, WOLRE(Y, ODyo nm) WAAALFR, il 15 H5 HE T £2,
[ 05 5 2 K2 Y=0.1207X+0.0535, r?=0.9993, £k ¥t [F K
0~0.105 mg/mL:

CPP 185/%=C >V XN 100% (M
m

Ao, ¢ M RFIARE A Y 5T 5 R B (mg/mL); VA R DIAE Sl AR
(mL); n NFRBREE m o AR T ().
132 WHERERE

(1)d5e/ N R Ve o

Ay BBl 10° CFU/mL 9 5 Fii T 1 mL FIAS
[l B2 CPP, N AR TC ARG FR 3, CPP i ik 4y
B0, 1.2, 4, 6.8, 10, 12 mg/mL, LI CPP AL
RV % R RV 4000 A B ek R B e ot B, A28 3 4o
5, A 4~8°CIB% 2 h, 7E 37°C. 150 r/min £ T LR
PdEF% 24 h 5, B 100 pL 3 A BRI BB A T [ Acks
FRFE I 37°CHEFE 24~48 W R THEL, @ AN RS B (9 fe /M
T & ¥ (minimum inhibitory concentration, MIC)P',

(2) CPP XT4H R A= K Ik 152w

2 BT DI R MBI, CPP B RLVR 40
O H) ., IMIC, 2MIC, [A] 1.3.2 (W&MHR:SE, F 2. 4. 6.
8. 10, 24 h FHBEFRAUINE ODgo, LAEEFFIFE] S ODgoo HY
KARZA KL . ODgoo {H-5 4 TE WK E S IEHI K, ODgoo
{HlE, FRBERYPAEEZ, FHIHRYE ODg, [EiF
AT R TR0 A R I . 4 TR 200 A g e B )
1.3.3 #E A IR R

(1) CPP X 3Z i3 1 HL 3 R ) 5

Z: BRI FF P R B e, K 2 A TR A
% 10° CFU/mL, JIA CPP f#iJfi vk (%t A) . IMIC.
2MIC, 7E0. 2. 4, 6. 8. 10 h MEFRH T2, DIRARRFE
SAXTRE, R 3 ANER, JRETIAGT AL R TR 2R

(2) CPP X 52 12 P 2 115 5 A% R kI 1) 5% 1)

AbFEfE] b, 4R 2 h BURE 1 mL, 3000 t/min 250> 5 min J5
3 LI, 4022 um CA BARREFAEIERRLLUE, RS I
A FEIERET TN E W RAE 260 nm 1280 nm B G,

(3) CPP X 32 I T 1A JEO B AR st 1) 5 i)

S ORI kI fE Mgk, ABE b, AR
R AR RIS . o FRUCMRCHT, 4 PR BG L 3000 r/min
B0 5 min J5IE 0.5 mL BT AR, A 0.5 mL
DNS & il K 90°CAMHE 5 min, /KIS R HAH), g

B S mL ZEK, 1RA), bR HAE 540 nm
BT OD fH.

(4) CPP Xof 32 12X P - W% 45 3% A=t 2k 1) 52 i)

SRR D R8sk, B 1 mL 2R
YT 3000 r/min &0 5 min, Fds FIE UGS G R A FEER K
JUAETEEZ JE EE, A CPP 1E 1.3.3 (D& FHFE 1 he
SRJEE—HRRE B 1 mL R NA 0.9 mL PBS 1 0.1 mL
INT, BEETEZ IR PHAT 1 h BUR GG F, w4 Pgs o
Ji A AN BTN 2 B 490 nm 4K T Y OD {H.

(5) CPP X} 2721 I g Joi ok A Ak 1 5 i)

240 L AN TR i TR T A ) AU S S R
N ¥ (malondialdehyde, MDA), ZRHF5E @460 MDA H7
HOR S AN B AR T EARFRRE A S mL 323 B R VR O A
F[H] 1.3.3 (4)JFH0A CPP, 1.3.3 (DA TFEESR 10 h, IAZHA
TR VKA 10% =S L BRFEER 20 min. JRA) 4000 r/min
B0 10 min J&, B2 mL B3O 2 mL 0.6% 2-Bift L b2
7K 30 min FHARSH 2 2 IS T 4000 r/min 2.0 10 min,
FHEEANAT I3 S EREHAGIN E IR 532 nm AR EREDS,

(6) CPP Xf 32 12 I T 1A B Py = Wi B 7 1) 5 i)

CPP [d] 1.3.3 (1) 443535 24 h J5, BURE 5 mL, 4000 t/min
B0 10 min, SR FWEBJE A 5 mL Jow A #EER K 61T
R TR, BP0 M A, A e
JE R 2 M G T 200 W, BRI TE] 3 s, [AJB@IE] 3 s,
40 MEF)ET, 4000 r/min 8.0 10 min, Wtk FIH®, T
=Wl 1 (adenosine triphosphate, ATP)+ & ik 7] & &
FZIRFEMA ATP &5,

(7) CPP X 37 1 P A1 4R 240 6 & il R T 4% ) 10 52 1)

4 Z X E B 4000 r/min B0 10 min, JFH 2 mL K
A PR KR TP AR RO T AR AN, R CPP R A
LB kg2, [W1.3.3 ()55 4h, T4 hBBGE 1 mL,
F 12000 r/min £ T B0 5 min, WEE BRI, SR AGHE
e T Tt 0 3K 5 V00 7 g 4/ 1 % R 1 (alkaline  phosphatase,
AKP)iE 1158,
14 HIELIE

SEEE 3 K, SR EAR R ZE RN, R
Origin 2024 3218, SPSS 26.0 #4725 20 Mk Xt Bt
r v, Gitss: Rl SXHRA ML, *FxR
P<0.05; **3/R P<0.01.

2 EREHR

2.1 HPEVEMSRIZER

2.1.1 CPP xtza# 4 MIC #=#p 4 2 %
TERFRWUE Wk Fih, MIC AR R 3FHr AR S 30 1 4

ARG VRS AR bR . AR 1 PR, SO A ER A

CMCC 26003, KIHFFH CMCC 44102, FAGZEDITRE

ATCC 14028 D) M Bt A RF [ I ATCC 19115 #9 MIC 43



278 B il 2 A iR A I A 4

FH15E

F 1 CPP X} 5 FE YN E SR ik
Table 1 Screening of bacteriostatic effects of CPP on 5 kinds of bacteria

LRSIV
CPP ﬁimg Eesy s N =/ Y N kY 4 e e =2
/(mg/mL) A ATER T KM FF RUTSEVT TR FRENSRE MR CMCC
CMCC 26003 CMCC 44102 ATCC 14028 ATCC 19115 63501
12 - a - a - a - a + b
10 - a - a - a - a + b
8 - a - a - a - a + b
6 - a - a - a - a + b
4 - a - a + b + b + b
2 - a + b + b + b + b
1 + b + b + b + b + b
0 + b + b + b + b + b

TE: + B AN A4 — AR AR SR At i 2R 4 SPARITHECH a R0 T 30 D HITEA K, b R A 30~300 P IVEA K

k2. 4. 6. 6 mg/mL, HELGEEMAEAHRIEEER S, &
F MIC B A K0T 304, KT MIC B & A K HME
DI UEBHFE MIC T, 5 8 2 0ixt 4 5 ARk . K
PAFFRT . BUEASITRRIR I . BUGIEDDT TR AT — & i
VEF; 75 22 W% 4 2 (0 2 BR A RN KA 81 Tt ) A BT
R A, BB HA SRR I B . AR T
21 kDa R JREHEXT KA HFF# MIC iy 15.6 mg/mL, AHF
S =S 2 TREAN R CPP A>T RZAI7E 100~130 kDa,
CPP LR R K TR K, B CPPHURIE M s, VLRI 20
AP T P L b A S I T R AR
ZWEESEBENE L, ML R EIRE, MR
DA E FR A T B2 A6, 75 i 2 B i 5 2R 4
FFE CMCC 63501 il FIANEA 2, W] RE= P oy HACR I
T A P 235 K 7 R0 2 1) T B VAR ST S o A R 2T T
AN RE R, 3 HL AT DA WA AN & T8 B A P s
P 0~12 mg/mL StV B 1) CPP i LUK Al B 2 F A
I CMCC 63501 J~AEMIHIVER o (R IFFE &I/ K Z %t
G B 00T 25 R TR R R 2R AT T LA IR E A, BERTR
[Fi] (1) Z2 W ELA AN Tl A I R R, RS [ 194 3 8 1 410 1 i
BE AR R A RN PL g ERTR, e
AR AR R ITSE CPP X 40 s 3 LR 6 7 1
2.12 CPP s AKWAEMHw

M E R i b, B KRB A R
PE, AIAROMSEIR A XEON . R IAFIE T 4 AN B
CPP XF & e i AR . RMAFF BT . BRI 2 s FC o A R
I T TR AR I sgminiE 1 PR, AL B, C. D
AR TRINEE S AT I H AR, AR RE R e, 5
JIFELL(IMIC , 2MIC)E R I % Eb; MEEALAE 0~10 h HH 1],
PRAAS A B0 B SR A X A 1, 106EH CPP (A0 TR 1 AR 4 A
WRER:, S0 T AN ZEXPEON A K B, 4 R S A
KBRS AE Z WERE S M R FF BRI 4 B T A BRI . VDT
PR . A7l B 2R A 0 50 KA A TR AR A S 5 SR AR

KG9% 10~24 h B, 4 FPGE R RAINFE LA ARREEAE K, (BN
FE AN CE AR E I BT, 7% 24 h BF, CPP %shn
it 2MIC £ IMIC WA KRS, UiHkEE CPP 1% MIC
VRSN, MR BCR BB B MIC (RN, BEBRE A
ot £ B (3 SRR R AT, CPP A B 1 TR S5 K S 4
0 A BR T > K W FF > B0 2 R FC B> B JE VD T T IR A
IMEEEIL I Z I 2 R AP . VTR . & @
ZETER AT )T P A7 A AS )RR B A IR VR T, S AR 9 45
AL, AL, HAN SEUOLHE b 1 4R v5 S 5L 2 B b e A
SRS BEAG S i, 22 B A B 0 KM T T R 4 5 € A A R A
V14 A K T U R A AR A KR B R, Bt B 75 )
ERET: PP BUAH |~ ZUWR IR R 4 W IR S5 2 L,
P LA AT T 5 5 B L AT IS 1 o B e, ¢
P, 2 BT )05 SR g 11 4 8 € 8 25 R 1 N K R A T S A
¥ CPP Xf 4t B 410 il LA 11 32 3 TR -
2.2 CPP XX ERIHIEHLH
221 CPPX%EXH®FHYYH

FIE TR, TR 14 200 M B R A LR 32 453 0, AR P
RTINS U, DR L SR A AR AT DS B
A% 240 R R 240 S 045 407 S 3 P A e 218 el ] 2 AT R
E i, ¥ CPP I AZ IR B P TR SR 2~10 h B,
CPP Kb 31 557 W L S B R IR i e S i T, o
SR E T RH, 5 2MIC & IMIC HHER R E R L,
LHA CPP X ] (4% 201t B AR 40 i A ) 308 a5 M — 2 R 2,
SEANA N A TCHLER % B AN, 5 E A I 5 4
R—3 CPP WitV bRy, A2 12 B 4 R 1) A I 4
#K . ZHANG 2P0 if i GoR g5 R W Z WK/ 7
(3.105x10* Da) GCP-2 1% 4> ¥+ (5.340x10* Da) GCP-1 X}
FIAAT TR R 4 B €000 4 BR DA 1 At IS AT B0 VR . ISR &
B, BRIEMZ I CGMCC 6882 A= it Z Wi i 1 R AT i i
S AR B A TR0 A U R U 2B
T R B AR T R
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