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Inhibitory effects of tuberostemonine on Staphylococcus aureus biofilm
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Abstract Antibiotic resistance is a serious problem to food safety as well as human healthcare. To avoid this, there are
several approaches for a new class of antibiotic agents that target only production of virulence factors such as biofilm
without bacterial growth defect. The objective of this study was to investigate the antibiofilm activity of tuberostemonine
in Staphylococcus aureus. Tuberostemonine significantly reduced the biofilm formation (26.07-47.02%) in the crystal violet
assay whereas there were no effect on S. aureus growth. The dispersion in preformed biofilm was also observed by
confocal laser scanning microscopy (CLSM). Quantification real-time PCR revealed that the icad and agrA expression
having an important role in biofilm production of S. aureus were strongly affected with tuberostemonine. These results
suggest that tuberostemonine has potential for controlling biofilm formation and dispersion by effect on virulence

regulation of S. aureus.
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AFoE g Aoy flsle At AF o #d Tl
o = Eeta A AAHeR s dojua glom,
53] Agme] Wy AAE e s} 715 sk W ol
Fatel =7 Q7o SUF So= & ¥ Skl 9
(Newell 5, 2010). 0131?‘& 2F5e Al Ee4, 854, A
= flallAbEe] Aow, olF AR flalAte] <Jgh o
A AL HE=e sz%e A AER FE HEE 2

SFoH(Dewey-Mattia 5, 2018). 53] pathogenic Escherichia coli,
Salmonella, Staphylococcus, Vibrio 5 2% %o E(food-borne
pathogenic bacteria}> thE A<l A& FSAAZA AFE
o] =98 Rlo|B R, o] thgh Alo] 7|& sde] &

2 FaathJung 5, 2016).

Algtel 23] Fd=l= AETbiofilmye FAAE xet o
ot A 2Eg 2o Mshs 7|2t dFtow *11&01 e
Fol| 3Hdsk= FERA oItk thdF(polysaccharide)E FdEOZ
thFst vt ik A 9 Bsk gk 58 H o]&-
slo] FAER(Vu 5, 2009), T Y AE, Ald T2 EW 5
4, 2=, pH 5 344 alo] A& P Oﬂﬁb = A
o2 BIEAJTHGotz, 2002). E3] AFEFo] AELS A
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AS FAAE xS g FFELET 7[EF A TEEe
a7t A3 ZAAE7] w ol (Rodriguez-Martinez2} Pascual,
2006), < A& “’] M3e AdstAY FdE AES 23
she 7le & TEo] AP )

il ﬁrﬁoﬂi FHke 33490 BExe A S
(multiplication)o]™ %3l WS doy|= AL A F4] 24
F Asks FAQl Adelth AF7HR 9] Aeswol] gt Al
o] 7le&d tiFE LS Al AbEAY= RS 8% &
R=2 2%, 2HESh pH, AR, ASlAEY A e 58 4

Tl sk WAooz s itk (Gurunathan &5, 2012;
Ross 5, 2003; Zhang 5, 2019). 23U 2552 AETo] &
deol AU A-E Ao} Fgo] A&HA XL A5 .9_5]
2E@ 0] thE WA (resistance)e] EAYT 4= gle] o]dl] thElk z
ek Fol5 g3t} 53] gAYA Ul (antimicrobial resistance)
AL AFAART ofe} =7 WA A EAE op|E

F 9o} A7 BAR AR e WY By TFsaE #
Lsie) A9 AFETE S ARG e v, Wy

A 2B 2 digk Ayt AEE AAES] AAS Ao
st=t] 7IRES F A2 AFSEe Alo] 71&9] el F5 vk
31 JTHAndries 5, 2005; Van Hung®} Morita, 2005).

B AT B AEude] AEH At dov A%
ol ko] glo] WA WA 7ol e EFS WFde=
Zolct. olF 3l Wi 25w LT (Staphylococcus
aureus)®] 743 A== gt tuberostemonine (C,,H,;;NO,)¢] &

= FH3ATE Tuberostemonines ‘Baekbu'Z &7 2] E<]
Stemona  tuberosa¥}  Stemona  sessifolia®] HE oA TAE

alkaloids 7‘%94 Ao gle AAsgEEd RN AF5How S

gk goprof A ollM AR v Eo|gtH. o] YEA =



[N}

tuberostemonine, tuberostemonine A, neotuberostemonine 5|
o ol=9 A, "Yxd, M2 dA|, A4F T Bt B
v} JTthBrem 5, 2002; Greger, 2019; Jang &, 2014; Jung
. 2016).

S aureusS AAA] ] BEHO] e R AFEA
O FFEnt o} QIzke] AA| F IR, v, .-
SAAE EAsHH, 23 TEolv & § B UE 55 9o
A A=4F Al T8l AUth(Fetsch®t Johler, 2018). S.
aureus®l| 23 FAHE AELTLS Tt Y 2EF 2ol AT
Aol Zsl AFe] AL 2 AJA, Y] FolAe] AlATE o
HIKDi Ciccio 5, 2015). 53] methicillin-resistant S. aureus
(MRSAy= AY 743} HYolX HEE S aweus 5 =2 HIE
< 2L Qlom, o5 HAE AAY FAA g STHE
gk oh gt A 1Akl Holet -2 EAE oF7|ttH(da Cunha
5, 2020).

B AAFo)rE MRSAY t3F tuberostemonine®] it % AE
o A EAE Hrelart. FHEAHL planktonic cultureS E3
selEgon, AET P4 As)el Bl 7= crystal violetz
confocal laser scanning microscopys &3l AEATE HEF
tuberostemonine®] = /43 2HE7)=el] it olslE st
o] tuberostemoninex| 2] ¥ A2 Ld H=E HUFSICE &
AFA 7IEE tuberostemonines E-8-3F 2S5 Alo] 71ES
AEdto] PAE Aol SAZE AME 71E AFEmd Ao 7]
&3 A S8 Aol S auwreusol] 23] WA 4 AE oS
2 FAAE A oY F s wikte] E 4 g} Z|oiE

ot kI ¥o rfr
i fo

d

Kol
-
[e]

Xz L
oF H HiY =7

2 A AR dFe dEANAN 54 |1 Bxraad
methicillin-resistant S. aureus ATCC 25923 (MRSA)2. = Luria-
Bertani (LB, Difco Inc., Detroit, MI, USA)HIR]|A] 37°C2] $.7]
A 270z wigHuT daad AFAA S aureus ATCC
25923% 8AIZF ZIE Q200 rpm) HRom, SFAETE A olA
AT LS fl8l 24X7F A=Ak A= As) ezt
A2 1% glucose (Dextrose Glucose, Difco Inc., Detroit, MI,
USA)E #H7F3 Tryptic Soy Broth (TSB, Difco Inc., Detroit,
M, USA) vlix|ellx 9] uljS 3l &R15AtH(Shrestha &, 2016).

Tuberostemonine stock solution

Tuberostemonine= ChemFaces Biochemical Co., Ltd, (Wuhan,
China)oll Al Y43+ S ™, dimethyl sulfoxide (DMSO, Junsei
Chemical Co., Ltd, Tokyo, Japan)ol =¢] 10mM stock (2%
final DMSO concentration)y2 YHE $ -20°Col|A Ry A
o AR ATt

S. aureus ATCC 25923 M=o CHSt tuberostemoninel]
23t &8

S. aureus ATCC 25923%= LB WlX|o|A FZ=(0D., ) &
0.8 (log phase, 9.03x10° CFU/mLY7FA] =] Ith. DMSO(HH =
) B U 5529 tuberostemonine (¥, 50-200 uM)=
o5 g HI7tEAT MFd Y] FFE S UV/VIS
spectrophotometer (1510 Multiskan GO spectrophotometer, Thermo
Fisher Scientific, Waltham, MA, USAYE ARE3le] 2417 7HH S
2 =AU

0 AN EAEEA A 54 A A 2 F (2022)

Tuberostemonine?| S. aureus ME8} &M N £33t 5H
S aureus ATCC 259239 =9 P4 Al &3}+= crystal
violet assaylS 53l FA3IHMeng &5, 2016). S awreus=
1% glucoseE H71gH TSBell HE & 37°CollA 16A17F 5<t pre-
culture3FAth. Mk (1.20x10° CFU/ML)S HA3gHEo] 5ul4
B3 FH 96 well-plate (96 well cell culture plates, SPL Life
Sciences Co., Ltd., Pocheon, Korea)oll Z} well vt} 195 uL¥ &
Z Hlom, A= FAE S8 37°CA 2487 FRF A W)
S ATh A Wiz AA F ZF well phosphate-buffered saline
(PBS, pH 7.4) buffer= 33| Al&3tct. F4€ AEL2 60°Co
A 1087F Azdte] TAEUYCH, 1.5% crystal violet (B11602,
YD Diagnostics Co., Yongin, Korea) 7} ¥ clean bench
(CHC-777A2, CHC LAB, Dagjeon, Korea)ollA] 30% &< A%
ATk GAel o] &H Ze crystal violet A|AE 13 PBS buffer
2 33 AFERen, AER YAHFE 95% ethanol (200 pL,
Samchun, Pyongtak, Korea)Z 107+ &3] ¥ UV/VIS spectro-
photometerE ©]-&3}e] 595 nmollA SHS F3) A HEsATh

rN

A

Tuberostemonine 2|0 2 M= 2o S &3
Tuberostemonine®] =2} 23 BIE 4317 21814, crystal
violet assay'd® 3 323 d@lo]A &v|7(confocal laser scanning
microscopy, CLSM, LSMS5 live configuration variotwo VRGB,
Zeiss, Jena, Germany)= &3 3x-9& o2 #&s%th. Crystal
violet assayS I3 S awreuss T3 A a3 =3 LA
1% glucoseE 713k TSB HiX|o|A 16A]17F 591 pre-cultured}Sd
o} wikel (1.20x10° CFU/MLYS 96 well-plateoll 195 LX) 23
3A0m, 37°CA] 24X7F FRE HiFS B3 AAETE IS
o). F4E AETo| DMSOS} tuberostemonineS ZF 5 ul? 5
T 37°CAlA 3AIZE B9 AT o] F AFdE AAHI L
™ PBS buffer= A 60°ColA 1087 Ax4E Tl 24
HAh AETS 1.5% crystal violetE ©]-&-3ko] 3087 FA
k. G o] 8% crystal violets A A37] $15F] PBS buffer
2 AFEoen, METS 95% ethanol (200 pL)E 1087 &3l
% UV/VIS spectrophotometerg ©]-8-8}] 595 nmol|A] S 313t}
CLSME 53t tuberostemonine®] *2] F=H &9 &3 &
I 58& 95k, 1% glucose”t F71E TSB wiA oA vl k=
4N (1.20x10° CFU/mL)  35x10mm<] tissue culture dish
(confocal dish, SPL Life Sciences Co., Ltd., Pocheon, Korea)°l
2mlA EFEATE 2 FAL 37°ColA] 24817 St v A
E9S FA3ITE o] DMSO (&)<} tuberostemonine (3
i, 012200 uMyS AR AEE] B &, 3A17F B2 37°C
oAx A=At EaE =22 FilmTracerTM LIVE/DEAD
biofilm viability kit (Invitrogen, Carlsbad, Canada)E ©]-&-3}d,
propidium iodide (PDZ} SYTO 902 FaellA 308 <t FAlx
2tk ©]F CLSM (LSM 880, Carl-Zeiss)S ©]-&3te] 488 nm2]
excitation wavelengthol|A] AJ&2+e] o|n|X|E Agom AHHF £

sttt

RNA 22| ¥ qRT-PCR

Tuberostemonine®] |7} A& P4} Eaflofl vx]= FTF
S gelstr] 9k, S auwreus ATCC 259239 DMSO<:
tuberostemonine (50 uM)= 3A17F &<QF *E|$F ¥, RNeasy mini
kit (QIAGEN, Valencia, CA, USA)E A3l RNAS ¢ &
3} th cDNA+ cDNA synthesis kit (Thermo Fisher Scientific,
Waltham, MA, USA)E AF&3te] A5 2™, SsoAdvanced
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Universal SYBR Green Supermix (Bio-Rad, Hercules, CA, USA)$}
quantitative real-time PCR (qRT-PCR, CFX connect Optics
Module, Bio-Rad, Hercules, CA, USA)S ©]&3lo] SZH Q). 2
A3+ CFX manager software 3.1 (Bio-rad, Hercules, CA,
USA)Z 459 tHleon 5, 2019; Yu 5, 2018). o]& sl z+
|22 EolF primerse] AFEEIATH16S rRNA gene F; 5'-
GGG ACC CGC ACA AGC GGT GG-3', 16S rRNA gene R;
5-GGG TTG CGC TCG TTG CGG GA-3', agrd F; 5-TGA
TAA TCC TTA TGA GGT GCT T3, agrd R; 5-CAC TGT
GAC TCG TAA CGA AAA-3, icad F; 5-CTG GCG CAG
TCA ATA CTA TTT CGG GTG TCT-3, icad R; 5-GAC
CTC CCA ATG TTT CTG GAA CCA ACA TCC GAC CTC
CCA ATG TTT CTG GAA CCA ACA TCC) (Dotto &, 2021;
Lee 5, 2015; Nguyen 5, 2021). & AEL e A3
), o] dAFdA Bag wpe| wel 7k fHA I HAEe
tuberostemonine®] A2 FA] ¢k AZ9] GAPDH 23S 43}
o] internal controlZ XA 3}e], 24 EPHO 7 B Q) TH(Livak
2} Schmittgen, 2001).

SEN

EE AP 3tE o, AR statistical analysis
system (SAS, version 9.4) ZZ 13 2] ANOVA (one-way analysis
of variance)g ©|8-3t%] p<0.05 FFoNA 9] Fo)d HFS HAl
skt

27y &

TuberostemonineX{2[0fl 2 S. aureuse| A& x| St
&5

W, e A A9Ee] dHaHE B d9Ad+E I3
o] AA= A DMSO #7F 153 thet 5%9] tuberostemonine
(50-200 pMy7t A€ S aureus MNFH ] FE= (OD.g )=
SAIZE B9 S A3, AT 2T FHE AleldXe &
o3k ApolE UERHA FSkth(Fig. 1). ©l# ¥ A= tuber
ostemonine®] planktonic culture JENS] S aureuse] Agel= 4

FE VAA e ofrPh

Tuberostemonine?| ‘4&9t &M N 1}

S. aureus?] AERS TS 00 tist WA 5o 71%
o=2N, FAF, 7, SHAF F AF A S aweus®] A
goll 71o3te] 1A ZAE oF7]dthLee T, 2013). A £H
of Wl S aureus AE] 3 tuberostemonine®] ¥4 A& &
#H= 157 HF S aureus®t DMSO HE+= tuberostemonine=
S 24A17F vkt & PR AETSS A ZFSAthFig 2). o
Z7¢l DMSO ZLENA] FEE(0D.gys ) > 1694031512
u, Tk 5 5=9](5-200 uM) tuberostemonine®] 7 ZF9] &
B e Z7] 12240.12, 1.24+0.01, 1.25+0.12, 1.00+0.24,
0.09+0.062 *12]¥ tuberostemonine®l| 2J3l] T= o|E=Ho=T 7}
25 A THp<0.05).

Tuberostemonine®} §-A3F isoquinoline alkaloids T-%% 21&
# 3}3=2 < berberine> quorum sensing (QS) A& #A-Q1 N-
butanyl-L-homoserine lactone (C4-HSL)7} 92 | 65.50-60.74%
AET P BaAFE B ofe, AFels 93¢ A &

3 ME FR A, ASSF gA JAE TS extracellular

w
S
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Fig. 1. Effect of tuberostemonine on S. aureus growth. S. aureus
was incubated at 37°C for 16 h and subcultured in 20 mL of LB broth
media until its optical density (O.D., ) reached 0.8. Then, growth
of the S. aureus group and the S. aureus added with from DMSO
(control) and tuberostemonine (50-200 pM) were identified by
measuring their optical density every 2h until 8h after
tuberostemonine treatment (n.s; not significant).
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Fig. 2. Inhibitory activities of tuberostemonine against S. aureus
biofilm formation. S. aureus cells were incubated with DMSO or
tuberostemonine (5-200 uM) for 16 h. The formed-biofilms were
stained with 1.5% crystal violet. Measured values represent the
means for triplicate wells and error bars indicated range. *p<0.05,
**#p<0.01.

polymeric substances (EPS) &4 A3, dAEs TAE F3
Pseudomonas aeruginosa®t Salmonella typhimuriume] 873 ¥ A
ek e &S ARtk B vb 9lth(Aswathanarayan
o} Vittal, 2018). A ATe] AASFEZ FABHA 2 AfolA
tuberostemonine®]| S. aureus =2t o) s As| a3t v
Ehd Ao =m Hol alkaloids %5 7= berberine®t S-ASH
QS 71&e Bl AT 9A 245 UEE 3o=E F5H
meta FrHo 2 AEer Ba) g3 g 71 gisk S
g a7t dohar ADEH A



244 =2 E 88| X] A 54 WA 2 & (2022)
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Fig. 3. Effect of tuberostemonine on biofilms pre-formed by S.
aureus. Biofilms were formed at 37°C for 24 h, and these were
treated with DMSO or tuberostemonine (200 uM) for 3 h. The
biofilms were stained with 1.5% crystal violet. Measured values
represent the means for triplicate wells and error bars indicated
range. ¥***p<0.001.

Tuberostemonine2| =9t 2l 2t

PAE AEDo| thd tuberostemonine®] 8] EIE= crystal
violet FAH CLSM o[wA] 241 Fall SRIFATE S aureus
o] DMSO7}F A28 L&A1 9] crystal violet G4 -&-<H¢] FF
T 0.80+£0.042 ERES M, 200 uM tuberostemonine * 2]t
tizol] Hlsle] oF 0.53 (66.25%) ZHAdt] §94 G AE
223 B ER1EATHEPp<0.001, Fig. 3).

%= tuberostemonine (0-200 uM)e] A &= B3 aHs
CLSM o|m[A] #4158 F3 ERlsiie o, 7] A& il 24
St S awreus ME= 54 FFES Wom 0.1-5uM AHZA <]
Al FHaAe BEEA sk ey 25uM BE TR &

o7 AE &Aooz Qs FolF g 7ThAa(eF 43.35-68.80%)
7} & HATH(Fig. 4). ©]H¢ A= tuberostemonine *2]7} ©]
vl PAAE U= S aweus HET F2E TS on|sit)

Curcumine Z¥2]E7] ZF2 2 35 (Curcuma) -2 F-F5
= Curcuma aromatica & °F&2Eol Wol FHrEo] dom(C
aromatic, C. longa, C. caesia ), APAol|Ar] g, A, s}
oz, g, <t A 59 Ert BE vl UhUeber
¢} Tawfeek, 2013). = 5 C. longa (turmeric)?} C. caesia (black
turmeric)oll A &% alkaloid Al9e] €& S aweus®} B.
subtilis®] A7ll= gakglo]l AEE A Be] Fx K lasiet rhlAd)
o] & A3l (down-regulation)E T3 A& A At AE
9 2 avke YepPH b 2lt)Jain®} Parihar, 2018; Rudrappan
o} Bais, 2008). ¥ A7 tuberostemonine= C. longa3 C.
caesia®t LT alkaloid AlFe] +Z2A APA9l FASHA
Qse] Ao} 712HS =3l pathogenic bacteriaol] thak WA LAY 7}
S0l AL AR AEY AAELRA o]8d F US A
o= "}

ME0H M ¥ Eof 2 |REX W O|Xl= He

S. aureus®) *@E‘ﬂ' P g Ealol digk ExEEdlale] AR

712l disll Gotrr] S8l icad$t agr4e] Lol oigh
tuberostemonine®] FIE 13T DMSO 2] 259l Hlsk
o] tuberostemonine*] 2] A S aureus®] icad®] WE-L DMSO *
ZotAe Rt 04200 AN, agrd FHARE 3.024] A
Al 7 AeH(p<0.05, Fig. 5).

AETre] 3/delli= EPS matrix®] AJdolvt QS Hd @X}
(response regulator) F°] Wi-¢- Fo% TS vty dHA §
THDotto &, 2021; Lee 5, 2015). 53] S. aureus®] ThFa :r“é
AJ3-2l polysaccharide intracellular adhesion (PIA)E Al F-2t
(cell adhesion)®} #HE ica operondl 2|8 =] AET I
4 B FR F8 98S st Zle® Byd v Atk F,
2012). S. aureusg]r ica operone icaABCD cluster®} icaRZ T3

o] o, I F icad$} icaD (intercellular adhesion A and B)
Tuberostemonine
25 uM 50 uM 100 uM 200 pM

5x10*
(B) — DMSO
2 4x10* ok — 0.1 uM tuberostemonine
5 — 1 uM tuberostemonine
?-; 3x104 5 uM tuberostemonine
& — 25 puM tuberostemonine
ﬂs’ %10 b — 50 uM tuberostemonir}e
S — 100 uM tuberostemon!ne
i:D 1x10¢ = 200 uM tuberostemonine
0
0 50 100 150 200 250

Intensity

Fig. 4. Confocal laser scanning microscopy images of S. aureus biofilms after tuberostemonine treatment. Biofilm of S. aureus were
treated with tuberostemonine at 37°C for 3 h. Confocal images of biofilms were analyzed using LSM to quantify biomass after DMSO or
tuberostemonine treatment (0.1-200 uM). (A) Confocal microscopy images of Live/Dead staining of biofilms dispersed by tuberostemonine. (B)
Biovolume determined from biofilm structures as depicted in Fig. 4A. *p<0.05, ***p<0.001.
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6
= DMSO

i) O 50 uM tuberostemonine
eqr

= sk
.S T
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=
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sk
0 1
icaA agr4

Fig. 5. Effect of tuberostemonine on the relative expression levels
of icad and agrA in S. aureus. The values were meantstandard
deviation of three repeated processes. **p<0.01, ***p<0.001.

= A= U Al MEE S A2 9] TS (exopolysaccharide
matrix)e] 8 /‘“‘%_E/ﬂ N-acetylglucosamins 2313t PIAS] &
dol 5 FAAR A JthGad 5, 2009; Yu T, 2012).
agr systemS Staphylococci®] 523} global regulation cascade®]
THRAEEAM, agrd= psm operon?] WEL ZH3te] M EY)
cAMP Z719} M & T F 53] § Ax(extracellular protease) &-H]
105 8 e 28 % AeY Eelek d-o] Jvkal &
A& AH(Tan 5, 2018). icad®} agrd= N-acetyl glucosaminyl
transferase ¥ Staphylococcus spp.2] autoinducing peptide FAME
FE3h= ica operond} agre] QS 712 el Qdll S aureusd] A&
ool &S mFthAubourg 5, 2022; Dotto &, 2021; Jiang
5, 2018). wbA] whg ZHo| wat jcad®] &9 ZH(down
regulationy> AEE FA T FAAY e Al AET
o] A5 s, agrd®] 39 2ES AEY B3 AE 5
3 e 33“‘*"] F7kte Alog BHuE v UtHKim 5,
2020; Tan 5, 2018).

K (quinic acidy 21 EdA FRESISH EAlete 7142
atsl, dEdnlo], d9y 2 g3yt Had bt e, A3
AFoNM S aureus ATCC 29213 (MRSA, 1x10° CFU/mL)°
2HS 3AIE AEeae W, AEY A Al agd HEE &3t
oH AEE A5 @37t e THBal 5, 2019). B HFEA L]

W FEEQ alizarine I F71SFER, S aureus ATCC
6538 (MSSA) alizarin (20 pg/mL)S 2417+ 2892 W, icad
o= TS PIAA BROY, agrd®] LS JAE A=
YERITHLee &, 2016). & A-FA] tuberostemonine* 2] A] S
aureus BT FAol| F23 IS e A HH 2

AAR icad FAA EE 749t agrd FAA HH FHE B
AERE 3 9 Bl 835 Yeplls 2SR Bl tuberostemonine
KSR aureus_,] 1’4—01:6]— O)HZ]- H]—ﬁﬂ 17(49,] A]—O] J,]-Pgoﬂ EO]Z4
o7 #Ho 0}** 74—§ *}EQ‘I] thE deATela el A shet
£ 7R ZAoE B
’?}ﬁ Hokoﬂ’ﬁ ”ZE%L& Alolstes WY ZE E84
844 Hl—\d%o] 9)“__.5]] I = 3ekA u]—tﬂo] 74 wol
Meireles 5, 2016; Pisoschi &, 2018) SEA| R, )8y
A&7 AL QAW AFE OlSH o 9l wkg A
7] =4 5o FAe Ao =7t 9 L‘EE}‘%}%% 5 Al

o

bo
L i, = n{m

ool tlg 277F Hol T AUrk(Yum 5, 2017). AEuke Gt
AE Tee Tt AF5d Ao HEEe] 23E 7AAAA 4
et TR 18-S FUAIRIY meEbA Al fal
HNASIEL 0|83t AFEFo] AL} ATE A)

P 4 A7 Xl 71T 7 YL FS=E AL
Hr}h A3 AFolA tuberostemonine®}t 7+ alkaloid 13}t
£l Bacoside AE S. aureus®} P aeruginosa® 35 A&t
EPS9| £43t HET 7|Z(substratum)e] #-2]S F3F ¥ &3}
7F ERIEAARE, 2 7%l tiaiAe dE% vt gloh 2 A
TolMe AE f AAsFEZS] tuberostemonine®] T2 2]
5T S aureus BETN tig FA A & £ aHE Ut

ol

o

=il U

> &

032 rlo >{

ook o ox oM
-

Nﬂl
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