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B AT SEL T AR FTERANERRERAET R BT AERRIRE
A, e HE FEALB A 404 . AXERAPpETERAB M E, S Miller jf-‘?flg}%ﬂ Bradfor
FrEEl 43 1) A B T X TR R 9 B R R R Hodge %A 38V dlidk [ Na® ,K* ]
— ATPase, 3 F Liberg 720 & Hik ¥, ewin ZAF BV B 4 AR EEE 1,
EOER R i B EIE SR B R B VE T T oty o At B T R A R
WAER, BRI EEER Sl E N m S e EESE, BEBTFEMNHERERRK
143 P R WS SR, 77 45 38 s 2 e e A A AR L R B i A o B T A 4 T UL

1 ARk

1.1 RREH
i 2B (Aspergillus flavus) , B K 2 o [ SL 8 SR 4 RO 4R 1E

"I EKR B R R B (503-fR-02)

“EREMNEIH

FEEWN P B(963- ), & EHMESEHTA BIBE M- Wi m AWEESSFENTE.
\Kr 7% B 38 -2000-12-11, 4 = B # : 2001-06-10

© PERZERMEDARITATESHESD http://journals. im. ac. cn



724 i H b 3 i 41 #

1.2 {5 A
1.2.1 %% :Beckman DU-7 4+ 366 i, OLYMPUS B 4%, H 37 SCK-20BC ¥ 3 % R B .0
AL, Philips XL-20 BRI F14 i 7 (B 3808, & 1+ MC226 S 24, [H ™ HCGLISOB & K-
1.2.2 . Fr8EE L3 £ 8  NAD' .NADP" ,ATP.ADP.* T #7 F 15 G-250( Coomassie
rilliant blue G-250) \HEPES i #35 H4 Sigma 4 8] i# O 4 % , 4 1l #% 2 A { bovine serum albu-
min, BSA) R E Boringer 24 7] 7= 5, A M N B =,
1.3 Hik
1.3.1 FREENERHYEERE  (DFEBRERL . EBFIL b MA ST IR
FE BFEMEROMA L Smg ¥R, 5STHMW FHE . FFE EFMEFRER, U
KR Zs B B, 7R R [R] S LI 43 5 4 A B8 Bl % ( Aspergillus nigger ) < B A< B % ( Aspergillus
Japonicus ) 5 B B ( Aspergillus flavas ) . 5% {8 81 B2 ( Aspergillus versicolor ) , 7= 9 5 B ( Penicillium
chrysogenum ) A5 ¥ B ( Cladosporium sp.) .5 BRH B ( Penicillium oxalicum ) . 38 55 10 B ( Alter-
naria sp.) B HE ( Curvularia sp. )5 9 MEE T 28CHFR, R 24721200 55,8
AW EEB AN, kAT EERENHEL. Q) HYRE LR :BF Viaor
FEC B ERAT MR RRE 2 R RBRKE 2% 7.0.6.0.5.0,4.0,3.0.2.0 #1 1.0,1d
WERIESREpH 2 5.5, 3 EFRAE P, 8N 19, & E(0.55 x 10°Pa) K H , For 5l
REBAER InL THEKXEPEY, X ABTHYIRE (mg/L) 57524 3.5,3.00-0.5(KK
R O.5mg) , BRMHRKENREH NI L, F9~50CHAFMO9em), & T 3 XEFH
S B SR AE & I H T ImL % 57, B ACEI/ER B 8] & LAY 5135 5 M
100pL AL AMAREEFRERR TR E S 4 A F TR, T 28CHER 480, WE
A E A KA, DL E 7 AR B B (K40 i ¥k BE (minimal inhibitory consistence,
MIC), BN ABRHARTFHEABNE R AR MICWHEBEBRRTAEHERT
BT, 6 50omL Z RS —H.BH 3, P —HEBHEIA 1% Tween20 B E #
WFBEAERIE, 5 —HBRIA 0.5mg 5950, KA SXBAMFR. m A RS 2HEA
g ElERTETR,HE N 1.0x10" ~1.5%x10° /mL, T 28 C7E1R IR IE R (100
~ 1200/ min) F R H%, P& 2h NEBREFRPEE 0. 15nL, UMHFF K HELAK
7, BB B S E R ME T REREEL, U= AR THETREHEER. (4)
RHEEFURLGYIEHBRFESHERN ROEFH#NEHERFINA 1. 5mg/L T
BEEL (AR 1% Tween 20) ,IRIEIES) , ¥ E 50 ~ 60min, T 3 000r/min L 10min, UL ERF
HRZEHYABPBEFAXE, BESBIEH 2.5% 1% "R (0. Imol/L pH7.2 BEEE 2R th ¥
WEM WA A ARMEEC R EK S, B X200 A B ERE. (S)HRES
WEHEAEERE M EE A EAG G R AL TS B SEERFESL
HERMMIMEETHNAELMEERTEMIALERER, UELHYTAMER T
WEEH,
1.3.2 FEBEHEMEREMUEZ . (DEEEHELARKRIBISERYEMA MK
R e N —H, BAHREAT BIMAS 1% Tween 20 B F 2E T IE 57K 120ml. 7, —
RN R HBA T g 0.5mg/L, 7 —HEMN ., SA=HFESIEA 1000l BT
BR(EHBFEN 110 N/ml) T 28 CHRIKELIE S 70h, B Sh 4 5IRAEE 1mL, &
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3000r/min B> 10min, BUH B, B S B e ok (81 iy s B A& B # 3
BRI FB#FT. (2)FrBEBEXT [Na'® K" 1-ATPase 351 i 5 Wi . ARG 4B 4L ] &3 3CMR [ 10]
FEHT AW ESES BR[N] ZR#T. BEECRSENERHE T EZ UK
(91 F i 4T .

1.3.3 FREEEERE. RANSBBRFE, DM 12]F7E.

2 %R

2.1 FEEEEEHBHR

MHAMBREY ImLEE 6 KNBRE, EMNARERNENR . AUFBRIE
HUF(FE 1) EFFEREBIRK(28°C, B3 48h) T, M BB F /N T 0.5mg/L i, 10
MRS B, Y AR EEN O SmyL e, FILAS S BES, SRR EA
0.5mg/L~1.5mg/L it , LA SAERE R MR E R THEFT 2.0mg/L B, THR
WL, 0. 5mg/L ¥k B i A K B AR B B L 2.0my/ L D R FEA T Y B vk I (R
2),

£1 ARNBLUEAHBHARIR
Table 1 The experiment of six kinds of volatility drugs inhabiting fungi

Drug/ LmL
Fungi
Control Citral Clove oil Geraniol Citronellal Alugosa oil Rue extract
Id 3d 5d|1d 3d 5d|1d 3d Sd|(id 3d S5d|1td 3d 54|1d 3d 5d|1d 3d 5d
/(#/mm} f{$/mm) /(#/mm) /( #/mm) {(#/mm} A #/mm) /(#/mm)
A nigger 7 40 6410 0 O |8 30 41| 7 32 48| 0 0 0|8 4 708 28 60
A . japonicus 9 4 S2({0 0 00 ©0 OO0 O O 50 M| |11 50 6|7 49 9
A flavus 6 3 5(0 0 0|0 O O©[|3 16 25;0 0 0|6 31 50& 36 52
A . versicolor 0 11 &5(0 o0 0|0 O OO O O0|C O O0j0 5 8&;0 5 10
P . chrysogenum 3 15 2|10 0 O(0 4 5(0 5 W00 0 0|0 9 14470 11 16
Cladosporium sp. | 0 15 2010 0 0|0 O ©|0 0 0|0 O 0|0 1 19,0 5 &8
P . oxalicum 6 20 40(0 0 0|7 14 4|06 0 0|5 15 2|0 0 0|0 18 25
Alternario sp. 5 25 3|0 0 O0O(O0O O O35 14 2035 27T 32|35 18 255 13 13
Curvudaria sp. 11 3% 700 0 0|5 16 2|0 0 0|0 0 09 37 60| 6 26 355
in:::::gn: ::;7; 0 100 56 56 67 11 0

2.2 FREEXERATFHRRRBREANEHENR
221 BFHER. MHRHAMFHEERRNIT.5% ,HER LFABHR,; MEERE 0.5mg/L 4
BHRBETHEENG61.4% HRELTHE FHA(EID),

© PERZERMEDARITATESHESD http://journals. im. ac. cn



726 wm £ #m % # 41 %

£2 RO RHBORENHERE(MC)XE
Table 2 The experiment of determining the minimum antibiotic concentration of citral on A . flevus

Citral/(mg/L)
Group
3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.25 0.1
1 - - - - + + + + + + 4+ +
2 - - - - - - + + + + + +
3 - - - - - + + + + ++ +
Note:“ + "is positive, means there grows fungus;“ - "is negative, means there no grows fungus
23 FHBHNEEATHZENESR
Table 3 The effects of citral on spore germination ratio of A . flavus
Group 0 2h 4h 6h 8h 10h 12h 14h 16h
Control/ % 0 0 0.8 18.3 74.2 79.5 82.1 90.4 97.5
Citral/ % 0 0 0.1 4.1 11.2 27.8 48.5 57.8 61.4

2.2.2 AHBENR N RARFEERFEERKFTE ATRARS, HiXRART
RE7EREWRERK., BRESET WRAGFREAR, BT REER TREUAR,
BTHEEFBCRS  MABRAR T RMARTIRE, BRER, FRANR, WTEMS
A¥. B EEyEREGEREZAR E(E ).

1 FRMEHBEAFESHNER
Fig.1 The effect of citral on the spore shape of A. flavus
A.Control; B. Citral.

2.2.3 PRBB A A CNIE TG G147« 24 58 o v AR B B B, 7 B 7
BT FHOEBME T &R F KK SOEME , £ HAE 360nm ~ 4100m, 7 B 4 B e i 4 3
BkAr, 5k F A A AR LA BA W (E 2), i A BNRZELBIR, BN [ 8
FESE, 4R MO RE KRB b b BLAT AR 40 4 R R R 0, 3k T 40 B R T 2 D MUR P TR, ML L
FEHEL. REEAPEC ML, MERE T LEUERZARMTLILE

2.3 FREERRXGERBMNGRNBESTA

HBREE A4, , _

2.3.1 EFRPRBRSFHER: R4 BV LHLEEFShE, M HARLEERE
PR EOB R B h FF AR BB 4.102mg/mL P& 2 1.456mg/mL, HF FIE K 64.5% ; K FRaA
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B2tk 08 5 O BE AR 45 X 56 B i) 1 45
Fig.2 The observation on the A . flavus membrane damaged by eitral via fast multi-channel micro-spectrophotometer
A.Control; B.Cell on pupils; C.Cell out of shape.

T4 FUBNEGRBEEAATIAMAOEARELRNRNK

Table 4 The effectis of citral on A . flavus rate of absorbing and utilizing reducing sugar and protein

Group 0 5h 10h 15h 20h 25h 30h 35h 40h 45h 50h

Contrast sugar 4.102 4.011 3.421 3.214 3.121 2.684 2.120 1.456 1.387 1.378 1.380
/(mg/mL) protein 5.447 5.162 4.714 2.249 1.564 1.223 1.063 1.063 1.021 1.014 1.010
Test sugar 4.102 4.033 3.876 3.843 3.791 3.741 3.611 2.513 2.214 2.103 1.851
{(mg/mL) protein 5.447 5.202 5.019 4.836 4.73¢ 4.265 3.715 2.921 2.514 2.412 2.330

FEKE 45h B 2 R4 KRB TR, AT IR F E AR FREKEREZE 1.378mg/mL; MR
BHEFRPEMBEREFZE St EFREPERFEERER 2.513mg/mL, H A RN
38.7 % ; 3% 35 i 1] 24 50h B, 55 32 R R A JEHE B9 BE A 1. 85mg/mL, B X} BR 40 Bl 3k 1%
HERARRBERER.

HAPRFAYFELEEFZE 00 B, M EAEFREPELREKRUE DB
5.447mg/mL [ ZE 1.063mg/mL, T E B 55 05 (B B E 42, (RIS M IR, R EH 80.5%;
TR 7 A B SRR AR 3.715me/mL, BN B4, HE 45h FEH R R &
WHEREE 2.412mg/mL A ERRE, AAEHRS55.7%.

2.3.2 XMHLEBBE[Na' ,K* ] - ATPase IE ST : W& 5,

5 EWEMENRIA,FEEQRRYKRERMET , HR N 30min i ST BR4E[Na®
K* ] - ATPase B 7 H H 4 ATP 4 R EHLBEHN B H 1.506pg, AR A B M ERD 2 F
ATP =B THN B E N 1.177pg, LLXT B A FERAK 21.9 % , 38 3 B0 88 4T 3Bl 3 43 47 AT 18 9
HENT AR LB, 0 B BB R iR AN K, MR 15min B, T4 &
(B MR N BRI B R, X AN 0.0723pgPi* (ug protein) ™' *min~ ", i i 1
204 0.0609pgPi- (pg protein) ~' ~min~ ", b X} FEZI PR K 15.8%

2.3.3 XELZEGERESEFENTE: WX 6,

FeFPRXKAMTHEBHEBHEN 18.8% X BN 12.3% , W HFK G H SHEEM

52.8% o X FRAE Ak 2% BH i 0 20 B % 4 A e ok R D
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®ns FOENGEBABREBN L[Na® K'] - ATPase B H iKW
Table 5 ‘The effects of citrel on membrane [Na* ,K* ] — ATPase activation of 4 . flasus cell

Time Phosphoric acid Phosphoric acid Reactional rate of enzyme
fmin H{ pg/mL cell extract) /(g pg protein) /{jug/pg protein- min)
Control Citral Controt Ciral Control Citral

10 58.320 47.304 0.688 0.571 0.0688 0.0577
15 92.016 75.648 1.085 0.913 (.0723 0.0609
20 99.016 79.437 1.168 0.958 0.0584 0.0479
25 114.696 89.013 1,353 1.074 0.0514 0.0430
30 127.656 97.512 1.506 1.177 0.0502 0.0392

* 1. The concentration of pretein in control group is 84, 8pg/mL., the concentration of protein in citral group is 82. 8ug/ml; 2.
Phospharie acid comes from the decomposition of ATP.

X6 FMBXNREBNAAREARESSENER”
Table 6 The effects of citral the seepagevity ratio of electrolyte of A . flovus

Control group Control group
Test item
1 2 3 1 2 3
Electrical conductivity of fluid soaked/( ys/cm) 39.4 36.9 7.8 55.7 55.9 56.7
Electrical conduetivity of fluid boilded/( j2s/cm) 279 278 290 276 283 289
Relative seepagevity ratio of electrolyte/ % 13.0 12.1 11.9 19,1 18.7 18.6
Aversge of relative seepagevity ratio of electrolyle/ % 12.3 18.8

( Electrical conductivity of Fluid soaked] - [Electrical conductivity of back ground]
[Electrical conductivity of fuid boilded] — [Electrical conductivity of back groumd]

100%  Electrical conduetivity of background = 3. 67p8/cm
3 it

Frg e /N TR0 &M (3,7- "R B T H-[2,6]-8) , A (Citral - 2) F1 T
K (Cial - b) WA HG L REZH, S0 PHTHHEARKE, R ERAERM KL EMN
Rt . HAMEMRBR T ORI IFERN ERARNERBEL FE [Na” K" | - AT-
Pase 154k PHAR M £ 4 B ABWFT, PR E2ZEHELR.

it %o 2 0 A0 Rk 0 S R P, AR ) B o 3 A 1 R OR 3 R AR K B8 MIC,
HATEBE M MIC,, MIC, 1 MIC, 23 %18 0.5mg/L #1 2.0mg/L. % MIC, WIiTHRBE{ER)G
WA T AR R R O B AT, A BUE S A R MR X B SR S5 R
FENHEREASS MEWARSENER E2THEBAAERX, SBHBNEYINE,HY
EENEmEOMRE AR RRRRGEA.

Mt AR EREEBEATHECRAARE R ZEN A S ARE CH
FHME BT EARMAHOREE, EXFTRR P, K%k BT KT 4 AR R Y
WE MM ERYRA AN ERF KA R EETEE, WEHHLZAEHMMEA RNA,
DNRA MIBEA AN A& RO 20 EH , ST B M A XMy B, xRN

* Note : Relative seepagevity ratic delectrolyte(%) =
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FR A RE A A CGEALE A &SR ) .

AT RSP & B BERE U (B PR R B[ Na” ,K” ] - ATPase 3% {%£, 55 Nomura™ F Kash-
iwayamagi'® T iR EH BERENTHERAENDEMNY S, SHEHL, AEEHERNOH
L S i B 0 425 4 R, 4 S S22 A L, LS A R R o R O ot T e R L MR B A
AT HBIE LA ERRPERYRNREH R, ASENER, # S IEHER
R R EEREELREMNAZYNIE MERFERIKEAR, FREKAES RS
ABZERN, ERAIRRAFEN, S Vignia G de Billerbeck™ % AR H F ¥ Mk FI BB
et B & 0L, Ak B BN, BEVRENEN, SRARNEFY RIS,
BAFRLARAFERGRTREEZHELEN.

#7 ERRRR R SCN A KPS THT S s ) il (R AL A 1, ﬁﬂfﬁ'ﬂiﬁﬁﬁm
BEZEk AT EBRAOTER TR EEEEN AR CHELEXERY
B REFI A, R TREHE TR, MR E TR A— Rk, iy
BIAEHMEHOTEPEREENEBANANE,
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PRELIMINARY STUDY ON CITRAL IMPAIRES THE
ASPERGILLUS FLAVUS MEMBRANE

Luo Man'? Jiang Like!” Wu Zijizml
(' Department of Biological Engineering . Anhui Agrieudtural University . Hefei 230036, China)
(* College of Life sciences, Wuhan Universizy, Wuhan 430072, China)

Abstract: Compared with the normally growing A . flauas, the content as below was determined:
the utilization ratio to protein and reducing sugar of hyphostroma poisened by citral, the activity of
[Na” ,K” | - ATPase capable of decomposition ATP, and the seepagevily ratio of electrolyte. In
addition, the shape change in spore was observed via the scanmng electron microscope (SEM) and
the fast multi-channel micro-spectrophotomer ( FMCM ) . The result above all suggested facts as fol-
lowing after it’ s poised by the citral in MIC. The surface of hyphostroma and spore tumed into be
porous and rough. The pass itrace on spore shriveled and closed. The rate of conduct electricity in-
creased by 52.8% . The utilization ratio to protein and reducing sugar respectively decreased 61.
5% and 44.3% . The rate of spore’s sprout dropped to 61.4% . The molecular structure of mem-
brane was so distinctly changed that it lost the selective permeability, There was inhibition on hy-
phostroma growth and spore sprout.

Key words: Citral, Aspergillus flavus , Membrane
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