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Abstract

In this study, lupinifolin, a prenylated flavonoid, was isolated from Derris reticulata
stem, identified by NMR spectra and confirmed with mass spectrometry. Lupinifolin was freshly
prepared by solubilizing in 0.1 N NaOH and immediately diluted in Miiller-Hinton broth for
antibacterial testing. The data showed that Methicillin resistant Staphylococcus aureus (MRSA)
of three strains such as MRSA 4738, MRSA 20646 and MRSA 20649 were susceptible to
lupinifolin. Using the two-fold microdilution method, it was found that lupinifolin possessed
antimicrobial activity against MRSA with minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of 32 and 64 pg/ml, respectively. To investigate the
mechanism of action of lupinifolin, transmission electron microscopy (TEM) was performed to
observe the ultrastructure of MRSA. The TEM images showed that lupinifolin ruptured the
bacterial cell membrane and cell wall. Due to its fast onset, it is suggested that the action of
lupinifolin is likely to be the direct disruption of the cell membrane. This hypothesis was
substantiated by the data from flow cytometry using Propidium iodide (PI) as an indicator. The
result showed that the cell membrane permeability which indicated bacterial membrane integrity
was significantly disrupted, compared with ampicillin treated cells and normal cells. Furthermore,

DNA laddering assay demonstrated no effect on genomic DNA autolysis that compared with



(3)

Triton-X. It is suggested that the action of lupinifolin is likely to be the direct disruption of the
cell membrane. This hypothesis was substantiated by the data from Drp 35 gene expression by
using Polymerase chain reaction (PCR). The result showed that no Drp35 expressed . It is
concluded that lupinifolin inhibits the growth of MRSA by damaging the bacterial cytoplasmic
membrane. The data obtained from this study suggested that lupinifolin may have the potential to

be used as antibacterial agent against MRSA.

Key words : Lupinifolin, Derris reticulata Craib., MRSA, Drp35
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HANAI991 MRSA @ 1eWugNa319PBP2a Tnea 189U § borderline resistant 11A0811 {31z

a

VA = o ¢ ~ X ' o vy v v
NANBUA msanw ludninaans NAALso BORSA UM ﬁ?ﬂ?iﬂiﬂ‘l&lflﬂﬂﬁﬂ’)ﬂ gy

HAAUNNYUIAGY WS DIAWAAUNY SIWAUFITAUAEA-NUNE AN TSNEIRINE1E9T

Joyannnaiiniios

J (%

235 PISNATOUKINIZAVET Methicillin 11373 ¥ ad N NA2993 MRSA Tu pure
A A o X 9y ' = = s
culture HYUNTTHITOUTAIANHUSADIUUAAALNY LANWDITUINY 1 114 10 1A NILTAl
@ g A 3 [ 1 a a
NHUSABDYN mmamamslmmﬂmmuﬁuwmms@uﬁqmwgm 30-35 ﬂﬂ?ﬁlﬁﬁalﬁﬂﬁ N3N
2 A < an Aq Y A ax
NaCl Glummimmwmmz@umu 24 "]5'311]\1 'J‘ﬁlﬂﬁigWu‘ﬂsl"]ﬁ/]ﬂﬁ@ﬂW'l MRSA A8 15 disc

diffusion, agar dilution L@i& broth microdilution
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The National Committee for Clinical Laboratory Standards (NCCLS) AMUUAID
£ . g gax | . . &
NADNDITVUNITABDYT Methicillin YOI Staphylococcus Tae 1475 disc diffusion UHO1MITLAYY
P ) [ <3 [
13%® Mueller-Hinton (MBH) ay 14 Oxacillin disc 1794910 Oxacillin AINUABAITIAUSAH

a

1 Y ' 1
11NN U TMIE58 Inoculum 1ABATINNIMNIZIFBUAZDUUI 24 52 113 NQaInig]
30-35 DaAIB AT

9 Aas . . . 9 T & 9 as . . A
$1m1sNATeVIT disc diffusion lANALUTA NNATOUA28IT agar dilution 1159
. o ) - . . 2 A
broth microdilution I e 1% MH agar Y139 cationic adjusted MH broth 318U 2 % NaCl @ alu
2 X 9 1 L. v Yy
DINITRYUF DAY NITNATDUUILATIV intrinsic MRSA ]‘lﬂﬂ Hazignain BORSA Ulﬂﬂ’)ﬁlfn
A [ 1 (4 9 o ' v eqqe A 3 a aa
MIC NANNY ﬂ'li].@Glﬂﬂ’ﬂllhhﬁﬂfiiﬂﬂ'ﬂhvhﬁﬂ methicillin D <§ hllliﬂiﬂiﬂ/llﬁﬁﬁﬁi IUag

;4
[ a aa o [ U Y LY Aa aa
ﬂ'liﬁﬂfﬂﬁ@ > 16 ”lﬂﬂﬁﬂm/maam d11 31U oxacillin Tean <2 ]liJTﬂiﬂﬂJ/llﬁﬂaﬁi inag >4

TuTasnSuaiadans suaay

=KX A A

MINATOUNINTFIUDNITHUIADID oxacillin — salt agar screen FINATDU 1Ay

D

1 49' d‘ a OB [ Aa Aaa 9y A dy tg v
Td1¥ouu MH agar NAY 4 % NaCl 1ag oxacillin (4 TuIasnsu/Aaaans) a10reYunasain
P~ = o v A ¢ X
BUN 35 DI UTATI UIU 24 F2 109 HAAIINFOUUAD oxacillin
Y A = =\ L
11319 DNA probe 30 PCR #579%1891 mecA 3152 Tow1i 1un1511 MRSA
] k3
Tun135390 uadslinsiuguainiaunaiin N15NAAOUAIY E test lNOATIININITADO

methicillin 14 S.aureus 1ANAATINUNTATIVAY agar dilution HAZNI1TATIVNT mecA E test Y

=2 3 X g o Y
e ﬂﬁlﬂu@ﬂ’l‘ﬁﬁuﬂﬂﬂl%‘ﬂﬂﬁ’ﬂﬂﬁ”l MRSA ulﬂ

24 YYOWNKUD (Derris reticulata Craib.)
= Ay A a 7 . 7
BOUKUD 130 808MNAIY NFONNINNMNTATI Derris reticulata Craib. W :
I 9 [] A = ao’ 1 j’ =
LEGUMINOSAE-PAPILIONOIDEAE iJulfimvinalyg nlaenaimvun d@iwmaceu iiied
w17 Tuilseneunuvvyuun 3illuven 3-5 g dareunay Seaady aenye uuUYLEN
= J A = ' ' o ~ =
uvuanavaenglaenad avdaunuieey dnuuugilluvenndy (U 2.2) Tdeya
o
maeayulnsaail
3N FANNY 310 VATTNAY VUIaune
Y = 1 o Yya v A
Au sennudeu teay unlsaluae ldimisaasu udlsam
&’ 4 Y Y A o o o w o
we'ldl savnu udlsaluae uday udideassnau sl 1hzesig dhgeahds thge

Y & Yy a LY v ¥ =
ﬂmmuaiwmtg UIUYE UnUIgL U
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9 A = 1 @ a
lu safourou Hasswgm veiuTaniase

U

Y Y

adn JAVNSOU WeEpe1r1T aunslian udauas Tatie

gﬂﬁ 2.2 ﬁ’u%mumﬁa Derris reticulata Craib.

H () d ol 4 2 2
@ - misdte 208 aaudayulng, du@ansznTausIrga 1050901 1ne, 38l 39

2

FITUNY YNMUTITUHIAINTIFNVTIA, U1 INIdoNTaa)
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51 2.3 aenvesduwzieuvitie Derris reticulata Craib.

a a

{ @ <] @ 4
@ misde 201 aauayu Ing, auRanszmnsaus g w5001 Ing, 1@ 4l

Q

FITUNY YNINMUTITUHIAINGTIFNVTIA, YN 1INIaeUHAR)

£ o a A 1 3 A Ax ' 73
gnslumandsinevesyzousite  wun  Wuishliasnquiarlausesiilu
4 o v =) v A a A = 4 @
penlsgneunanuReInuisiaouluana Deris (13519 1) FeasvanTauesanaiodn
1A d’al 1] [ o Y . =\ £ 4
wuNlgnimumssaay laeansanaemueanIndau D. reticulata Hgniaoisasuunlns
{ < o ) s
angnnszquaielaly Tndusamlsa (LPS) shmsnadeunuwaduualasvhe 1774A.1
A Yo A v A Y 9 [ a aa I
nnny demad lasuasanainnududu 6.25-100 luTasnSu/iadans Wunaiu 24 su.
9
AUAWNINTZAUAIY LPS UTW 24 U, WUNENTANALMIUBANNAY D, reticulata 5163
a S s §
msas1eluaineonlod lusaduunlnswhn 1774A.1 fignnszduédie LPS awanududu
v A 9 a1 1w [ a aa 2 o A Yy 9
wosensanan 1y laedian I1C,, Wy 62.5 Tulasniu/iiadans asanananududy 50 uay
[ Aa Aaa 9 g’/ 4 d‘ Yy 9 19
100 luTasnsu/Aadans dugsnnuannsnuousas J774A.1 Ngnnizdqudie LPS lumsiy
9
A zymosan 1AMINANMTNTHVEIAT Ansaadudanmsuaneenlusdl mRNA ved

< . . L. . . A o Y A g a P v &
1ou'le3d inducible nitric oxide synthase (iNOS) Hvnthnas1eluaineen luduazdudams

uaneoonluszady mRNA veuou oy cyclo-oxygenase 2 (COX-2) Nauilulumsadiaans
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a o { [ v W g}/ Y
TnsaamnauanluwadunaIasvhaignnizdu arsanadidudinsuansoonluszay

mRNA vod 13 TameriiinervesumssnanIdun TNF-o, IL-1[3 and IL-6 Twwaduun Ins

Whangnnszdu

Jq 9 4 e
M314 2.1 Mydszgnaldlsg Tesinniyaszga Derris (Kongjinda, 2004).

Sources Plant part Ethnomedical activity
D. amazonica Dried root Fish poison
D. elliptica Root Insecticide
Dried root Blood purification
Fish poison
D. indica Dried seed Fish poison
D. malaccensis Dried root Fish poison
Dried root Leprosy
D. oblonga Root Insecticide
D. robusta Fresh root Sore throat
D. scandens Dried stem Rheumatism
Dried entire plant Fish poison
Dried stem Analgesic
Dried stem Antipyretic
Dried stem Arthistic symptoms
Dried stem Antidysenteric
Dried stem Antidiuretic
D. spruceana Dried leaf Fish poison



14

M3519 2.1 (99)

Sources Plant part Ethnomedical activity
D. trifoliata Root Insecticide

Dried entire plant Stimulant

Dried entire plant Antipasmodic

25 vlaauean (Flavonoids)

d @ o w { 1 o 4
WarTawessmiluaisdraginuldunueluisniinisdunsignuaslunis

a a 9 1 Y o I ] A o Y 1 A a 1 dyw

wiaanTa laun wa'lil #n waasais d1du uazaruaenue e Fiina1eq uennnHdany
90’ 2 { < o o
TufSunannlus uag e win Taenalluds WarTruesdazadadluiie i liaon il
= - 1 =4 [ A ) dy
fduaeq lumsdsgaunas Snanmneneamassisuay Uniesnsiiarennies,
¥ < P

Tnssadeiugiulaena ldvesansiseneuvailoueed Useneudae 2-phenyl-benzol (OL)

pyrane %9152 NDUAIGIIUNIUNGN benzene (A 1A B) MFDUADNU 291U heterocyclic

pyrane ( C) ﬁlﬁgﬂﬁ 2.4

51/ 2.4 Tns9a319dnU04 flavones Failua13lungu flavonoids (Cushnie,2005)

Y
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A d d

2.6  guandAMImsunndvesna veua
I J 1% av 4 A
a1 Taweod I8 1915lussAdlsznoundanlumsitonemsunnd  Imsneaunaauia
v '
N3N 15A U AIUNSONIEAY (Tangpu and Yaday 2004) SnpnlsAnseqn dudInsnaa

¢ v A a9 A 9 9 a ) a X .
ulyl AuFouuaiiite Augind Aueyyaddsy uazAIuMsNalieson (Cushnie and
dy 0o w A @ 9 Jd oA £ o gl.: 4 49! [
Lamb 2005) wennniansdingianalanniailiuess dalignidusuenled Juegny
1 a 1 14

Tassardraneluanavesasudazyila wu a13lulawmsa, phenyl ring, phenol uaz

. I Y
benzopyrone ring Wuau

27 msgilivledu
amsgiliivedu Wy asfieglunguilanTaTuu (Flavonone) Fuiluarilunguwail
J o g’; wn = Q‘f 9 [ =K A 1 = o
UoEd ALY AuaNliamualtazgn luAumaadrIneaadianuiaule uazlilss T

dlusdramnnluniamsunnd Taseaframanil vesgllivedu uans1iluziii 25

31 2.5 Tnssadramauniivesgiltivlean

U



UNN 3

as [ a\ a v
ABNIIAUHUNIFIIVEY

3.1 MU IDENIMAUTZIDNITIHD
o o . o 3 £ o
MAAUVIVLIOUNI® (Derris reficulata Craib.) dailuauane udnillenly Hot

. A a = I [ o Y A Yy < Ay (=)
air oven NYUNHU 50 DR ALK Lﬂuizt’lznm 2 I m@u%a‘uua’;mull’ﬁu‘ﬂum ]lllll

U

A A a9 ' Y o P
ANNTY Ngurgines auniezlsi il 1dlunmsnaass

U

<
32 MInaaeuANNUIgNsvesasgliinlean

o Y A Ao

Sdurzeumilefidaduiudn dnnasadie vy Taold Soxhlet extractor
wdwmihasazaei ldinnduginh 2 af ihduuuiduguves Hexane noneenin
udwimsuenans 193 Q’“I/I% 1675 Crystallization Ll 7% Thin layer chromatography VULHY
Silica gel G, F,s, 8¢ ﬁl iy Taeld Dichrolomethane : Methanol lusasiaau 95 : 5 GHTER
ARV Fo, gaam wrzuvmdiSand, 1510581 955011521ET g 1O UNWINA FUNTTYUUN,

1] '
2548) 1oNATOUMIANNLT gNTVegliivoan

a d (Y] d % aa a
33 ﬂ]ﬁWg%u!@ﬂ@ﬂHmﬂ)]Ngﬂﬂi’)ﬂﬂlﬂﬁﬂﬁg1.]141/‘]@]%11—!

o = ara a A [ Y a ¢ A L4 [ o 9
manvesasgllivedunadald liasnninsgdimeigaiiendnuainugnaes

Y ax

AIYIT  Nuclear magnetic resonance (NMR) L1 7% Mass spectrometry (MS) Taadans 9N

o

4 a A 1 a
He u‘gamﬂismmzmﬂuiaammmmwm

e

=

3.4 msmaaqué MunuAhSe
3.4.1 7% Disc diffusion

wuafiden1Flunisnaaenfie S aureus 19376, S. aureus (MRSA) 4738, S,

aureus (MRSA) 20646 1% S. aureus (MRSA) 20649 Taomizi@osuuaitolue1nis

Mueller-Hinton Broth (MHB) ﬁug§aiﬁgﬂ§mzau1mﬁé’amwwgé}ﬂu%aqmwgﬁ 37 991

wadod (Hunan 16-18 42 Tus (CLSL 2016) 1&21101399 1982081582810 0.85 % NaCl 1fig)

AN 0.5 McFarland tite T 1&s1u udeunaiidolszune 10° cfwml naanniiu the

k2 9 k2
¥0AIUUDINMITIA8UYD Mueller-Hinton Agar (MHA) 3MUHUNTEATY NI DI What man No.1
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WA 6 Haamas nlasgllinedu S1uau 25, 50, uaz 75 pg/disc MaIaY 19 10% NaOH (1
2 e1q- 3| . .. o w o

N) uaxmﬂg%uz Ampicillin 11 1 Vehicle control 1ta ¥ Positive control AU A1AY 11911
1 & 1 9 1 X A ~ < < o

meaﬂﬂwe"lﬂuualugemwmamwaqmwgu 37 oA AL e L‘]JHL’J@W 24 ‘“]f'JTiN IAVUIA

9
Inhibition zones ﬁJUL!Nuﬂﬁ%ﬂ'l‘blﬂﬁ’é]\illéjﬁﬂuﬁﬂwa NININAADI 3 ATY

Growth medium

Culture

plate \

Sensitivity
discs

Zone of
Inhibition

NN 3.1 35 Disc diffusion 1141157 zone of inhibition (CLSI,2016)

3.4.2 3% Minimum inhibition concentration (MIC) #ag Minimum bactericidal
concentration (MBC)
9 9
MMINATOURI8IS microdilution method Tu nguIMIZIHew%® 96 well plate
ara a Yy Aa dy d'
(Joycharat et al., 2013) azagansgiliiean Tu 10% NaOH (1 N) uduanaslungquinizion
=) dy dy YA Yy 9 arAa a 3’, 1 9y ax
U911 ese MHB lenmmmmummmigﬂuwaaumgm 0.25-512 pg/ml A2ID two-
. . . [ g’u a dy A YA o dy 9 ' v
fold serial dilutions UAIVINUUIRANUIYDUUANLIY °lwni]mmL%@qﬂmﬂqunmammmu
Y

5x10° cfu/ml MINAADIAIGIDH 19011 FIUg Ampicillin, 0.5% NaOH (1 N) uaz naui lald

ara a I .. . . o w ) 1
a15gUiivleau ilu positive, vehicle control 4ag negative control AUAIAL 11 HQUINIZIAE
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& ' 9 2 & A ~ I < '
159 96 well plate ul‘l] Uuﬁlugmmwwmmwaqmwgu 37 pefusaed 1Hunal 24 "]f'JIiN 1
A 4 Y Y o A [~ a a Ay aa A 1 a 1
MIC ﬂﬂﬂWﬂ'J'lﬂJlﬂliJﬂJuﬁWq@‘ﬂuleﬁuﬂ'lﬁlﬂ3@Lﬂﬂ1ﬁﬂl@ﬂl‘ﬁﬂl!ﬂﬂﬂlﬁﬂ NI th!.ﬂﬂﬂ'J']iJ"’qu‘u
a g 9 o Ay &1 ~ 1Ta 1 Ay Ay
UNTITHIAT MBC ﬂ'JfJﬂ'lﬁ1!1@11413!.@leflffJ%'lﬂﬁ'qMﬂululﬂﬂﬂ'nu”lj‘uulﬂLWW&'ﬁEN!,‘I)'@‘]JL! MHA

Y o ' v A X A a g & v 9
umuﬂﬂwiugemwmaw&vaqmwgu 37 earnaed 1Hunal 24 ¥ lue ANUVVIY

v
o

~ [I~1 zil aA a a 3 [ Aasy o 2’; Z‘,
mqu”lumuwmmﬂmimmumﬂﬁ ¥21uA1 MBC N1TNAABINNITISNINNHUA 3 AT

A MINIMUM BACTERICIDAL

CONCENTRATION TEST

Concentration of antibacterial drug (prg/ml)

« 4 Clear
MIC tube
8 16 25
Y Y Y
e o | ) § )
— -
Bacterial colonies No colonlés No colonle/s

. - - -4

Drug-free media

MMNA 3.2 LAAINITHIAT Minimum bactericidal concentration (MBC) (Joycharat et al., 2013)

as =3 Qd ala a \J &, a A

35 3imsanyinalamsesngnivesmsgilivledudewonuniite
= adal &' A Y Y da
351 msAnmgnEmuvenuafisedlendosgansiaidianasou
Ia
ﬂé’@qgammumaﬂm@u %30 Transmission electron microscope (TEM) X

o = 1 o 3 A A (Y 3 4
U5z TemilumsAnuglsdnvuzveusonuaiiSonunaauig eansououiueilsznou
nnfasunlamadldsuensgiliiiodu 1aun cell wall, cell membrane taz anvuz Inseaiig

o j’ Y 1

meluaaveawouuaiise (Ghosh, Indukuri, Bondalapati, Saikia, and Rangan, 2013) @19819
g { (=% U 1 o
WauuARiTeNNaaoUAUAIAI0819118792819838 0.1 M phosphate buffer (PBS, pH 7.2) 111

M3 fixed #I9619428 0.25% glutaraldehyde 194728 0.1 M PBS 9nATe ud2 fixed A28 1%
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9
osmium tetroxide 83911 dehydrate A28 acetone MNANUTUTU 20 %-100 % 12061911
~ 9 . A <3 o ] Y 1 a o Y . 9 A
UNUNAIY  Spurr's  resin L“W?JLﬂ‘U@]’J?JfJNGlﬁ’t’JﬁJ.G],ULWNWEﬂﬁ@]ﬂ Lﬂllﬂﬂﬂ section YATON
ultramicrotome W@Taafhwejuuuviu copper grids foudaiy 2% uranyl acetate U0& lead citrate

=]

@ ' Ja 4 (%
Llélﬂﬂﬁ’l%GI’J’E]t’JNﬁj’Jt’Jﬂéj’éNﬂﬁ‘ﬂﬁiﬁuﬂlﬁﬂﬁﬁﬂulﬁﬂﬂaﬂﬂmzﬂlﬂ%“}fﬁﬁ’LL‘UﬂﬁL g

3.5.2 Flow cytometry

PRCC Tty 3Lﬂ31$ﬁmmwﬁmswmLﬁaﬁ’ugmaﬁiﬂai%’ﬁ% Flow cytometry 11/
LWRL%ENLL‘UﬂﬁGEJ%uﬂﬁﬂu‘;ﬁN mid-logarithmic phase N3 NagoU TagmMsaNaIsanagilil
weauas 1 1dnmndud 8 Tulasnsuilaaaas udnihliiulugiude 37 esrusaifoa
flunar 2 42 Tue ndsarnasunawdi iivaeananeseenuu@ud Propidium iodide (5
IuTasnfu/iiadans azarelu pBS) i lddeina 13 ludifia 5 urdt quugiifes udaimn
ATIETHAD ﬂlﬂdﬁlﬂﬁ Flow cytometer (FACScan; BD Biosciences, San Jose, CA, U.S.A.) 5NN
115151 CellQuest software (BD Biosciences) 10013 suifioufuviasanaao i@y ol

ampicillin (positive control)

3.5.3 DNA laddering assay
k4 £ Y
WWFO S aureus cells (5x10° cfwml) Tummizi@eudorasnnaua1sgii
a Y 9 [ a aa 3| < [ g’/ o [ .
WoauaNuIuIL 8 lliJTﬂSﬂﬁJ/iJaﬁﬁﬁi Wunar 8 ¥ lue vasnnuummsana genomic
DNA 493 S. aureus Iﬂﬂi%ﬂg’ﬂﬁﬁﬂ NucleoSpin Tissue kit (Macherey-Nagel, Germany) wie'ld
DNA ponuLdihinmsasrdeununnlaslHingod Nanodrop100
[ a 4 [ ara a 1 axy . d'
‘mmsamswwwammmsﬁﬂﬂgﬂumaum DNA lae7% electrophoresis 4®
o 9 = . . . Y a
111 DNA Téoud MaestroSafe nucleic acid gel stain reagent (Maestrogen, USA) uanlilaasuu
9 . A [ @ A A da! = @
0.7% agarose gel ﬂﬂWElGlﬁLLﬁ\? ultraviolet INDHUNAANHUZUDY band NLNAVYU Ll]d‘iEJ‘UL‘I/]EJ‘Uﬂ‘]J

Triton-X 1A% untreated cells ATUAIA
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3.5.4 Drp 35 gene expression Tae s Polymerase chain reaction (PCR)

v ¥ 1
MIANEINMTINNTIUIUTY Drp35 VUKD Staphylococcus spp. NUUIINNY

k4

13 lupinifolin ansar 1@ lasadad ludnadue (genomic DNA) VD UYD Staphylococcus
v Y

ﬁwﬁ’uﬁmm (ATCC29213, DMST20646, DMST20649 t1aZ DMST4738) NWIUNITINIZIAYN

' o R . S a ag A o FY o 3 ad ]

JIUNUAIT  lupinifolin VIudnaouend ﬂllﬂ%zgﬂmzﬂum@maummu (DNA templates)

A q 2 5 2 g Y ax . . 4

e lxlumsimusiuivadue lurasanaaosnies polymerase chain reaction (PCR) Ul“W'i

o . Aq Y A o a g A
$V13p) (prlmers)ﬂiﬂf‘luﬂ’ljlwufﬂ’]ujuﬂlaul@ 1)
Drp35-F (5>-TGAAATGAAAGGATCCATCATGATGT-3" uag

Drp35-R 5(5’-CCCTAAATTTAAGTCGACTTTCATTC-3") (Morikawa et al., 2005)



UNN 4

a v
Nan133v8

G o ¥ A
4.1 NMIAIYNIAUBSIDONLTIHO

o 9 A A o o Y

{ o [ a o I S [ o .
a']9']u%zlﬂulﬂuﬂﬁi%ﬁ]ﬂiUﬂ'ﬁqgﬂfl LUDUININ l‘llu"]fulaﬂc'] llg’.)u']@ﬂﬁ)'\)ﬂ Hot air

a

A ~ d o A o a ¥ ' =2 a3 9
oven T]Qﬂ!‘ﬂﬂil 50 DI ALY lﬂujgﬂz 23U ATUANHUZAUINTADDU DIFUINALUY

U

U d’
PNNINN 4.1

MU 4.1 FUFZIOUINIIONAIDINOUAIY Hot air oven

<
42 MInadeuaNNUIgNTvesmsgivlean

Y as

v o 9 A A arAa a . 9
NNNTTNATIAUBSLOUINUD LW@WTﬁTiQﬂuV\l@ﬁu ?A383F Soxhlet extraction Tﬂﬂcl‘b'
3 o o an L. Y K a A < A & 3
anduamazate wazgIsns Crystallization i]Zulﬂ Wﬁﬂﬁlﬂﬁ'ﬂﬂgﬂﬁ]ﬂ (MNNn 4.2) Fa3u
[ Y

9 s 2
anvazdingvosasyiall §aveldiinisasavaeunuuignsidosdu a1095 TLC 1na

band 1 band 1aa1 Rf T&M10U 0.75 (7 nh 4.3)
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HaC CHa a

Hal

42 (n) wanmnaes waz (u) 3 Tnseaiemanil veemsglinedu
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— Rf=0.75

MW 4.3 wa TLC UUuHUNsZA Y Silica gel G, Fay, 02gliHion gn1eldias UV

a d (Y] d Y ala a
4.3 M3figatenanyanINgNAeIveIasginledau
a Jdy A .
4.3.1 MITUATLHAIYIS Nuclear Magnetic Resonance (NMR)
o A v ¥ an A ' A o YA a a °

MaIINMINATOUIIBIAUAI8TT TLC iagNasidana l@ lilesasifiod 1hes
nanald llasaagTaseadramuniinSeuieunuauiteimuw Tasmsgdwmiicues 'H
uaz °C 42935 NMR (manuan) wu 3 Inssadumaniivesansgilivedu damnsiah 4.1

% g’; o arAa a Y [ d'
ﬁmmﬂuum"lﬂmawmaamsmmgﬂuwaau hlf?]ﬂ‘*]'l 407.1850 A9NTNN 4.4



24

d' a o 9 =\ arAa a 9 ax
139N 4.1 WaﬂTi’JLﬂﬂ%WIﬂ3Qﬁ'iN“I/lNLﬂiJ‘UE’)\‘]Q“]JuW@auﬂTIEJ’J‘ﬁ NMR

Position  Yellow needle-shaped compound® Lupinifolinb
O (opm) &, (ppm) O (ppm) O, (ppm)
4 196.68 196.84
7 159.75 160.13
8a 159.53 159.44
5 157.50 156.48
g 156.56 156.09
37 130.99 131.11
I 129.62 130.60
276 127.56 7.32(d, 8.4) 127.66 7.31(d, 8.4)
3" 125.91 5.50 (d, 10.0) 126.02 5.52(d, 10.1)
2" 122.56 5.14 (dd, 7.2,7.2) 122.40 5.16 (dd, 7.2,7.2)
4 115.67 6.64 (d, 10.0) 115.53 6.64 (d, 10.1)
35 115.67 6.87 (d, 8.4) 115.53 6.89 (d, 8.4)
8 108.59 108.73
6 102.70 102.79
4a 102.69 102.61
2 78.80 5.34 (dd, 12.8,2.8) 78.47 5.33(dd, 12.6,3.0)
2’ 78.05 78.20
CDCl, 77.37

CDCl, 77.11




M51N 4.1 (919)
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Position Yellow needle-shaped compound" Lupinifolinb
6. (ppm) O, (ppm) O (ppm) O, (ppm)
CDCl, 76.86
3 43.23 3.04 (dd,17.6,12.8) 42.97 3.06(dd,17.1,12.6)
2.80 (dd,17.6,3.0) 2.81(dd,17.1,3.0)
6 28.39 1.45 (s) 28.25 1.46 (s)
5" 28.29 1.44 (s) 28.33 1.45 (s)
4 25.80 1.65 (s) 25.78 1.66 (s)
1 21.47 321(d,7.2) 21.42 3.22(d, 7.2)
57 25.80 1.65 (s) 25.78 1.66 (s)
5-OH 12.24 (s) 12.24 (s)

* Recorded in CDCI, at 500 MHz for 'H-NMR and 125 MHz for "C-NMR

® Recorded in CDCl, at 300 MHz for 'H-NMR and 75.6 MHz for "C-NMR, cited in

(Mahidol et al., 1997)
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4.4 HaNIsNATEUNBMUIUANISY
4.4.1 9% Disc diffusion

' k4
HANITNATOUNINTA 1D S. aureus 118¢ MRSA #2875 Disc diffusion 39

=

A1 inhibition zone 1ANARINITIIN 4.2

Y Ly & v C e
ﬂ1§1\1‘ﬁ 4.2 Waﬂ’li@li’)ﬂﬁ@ﬂi}ﬂﬁﬁ’lul@@ S. aureus 119 MRSA ﬂ')ﬂ%% Disc diffusion

Diameter of inhibitions zone (mm)

Lupinifolin (ug) Ampicillin (ug)
Microorganism 25 50 75 10
Staphylococcus aureus 19376 10£0.2 25+0.6 26+0.2 37+£0.5
Staphylococcus aureus
(MRSA) 4738 12+0.5 23+0.6 25+0.3 10 £0.7
Staphylococcus aureus
(MRSA) 20646 10+£0.3 20+0.6 23+0.3 10£0.6
Staphylococcus aureus
(MRSA) 20649 10 +£0.1 23+0.2 26+0.5 10+0.7

n.i.; no inhibition zone,Data are means + SD (n=3)
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442 3% Minimum inhibition concentration (MIC) ua¥ Minimum bactericidal
concentration (MBC)

a Ly X Y am e
13190 4.3 WaNITATIYNIMNUIYD S. aureus 1AE MRSA #7975 Minimum inhibition

concentration (MIC) t48¢ Minimum bactericidal concentration (MBC)

Microorganisms Lupinifolin Ampicillin

MIC (ug/ml) MBC (pg/ml)  MIC (ug/ml)  MBC (ug/ml)

Staphylococcus

aureus 19376 32 64 0.5 1
Staphylococcus

aureus

(MRSA) 4738 32 64 > 512 > 512
Staphylococcus

aureus

(MRSA) 20646 32 64 > 512 > 512
Staphylococcus

aureus

(MRSA) 20649 32 64 > 512 >512

ad =2 A ara a 1 A A
4.5 ]fﬁfﬂiﬂﬂ‘ﬂ1ﬂaulﬂﬂ1§®?)ﬂi]ﬂﬁslli’)dﬁ1§gﬂuwﬂauﬂm‘ﬂmmﬂ‘mﬁﬂ
= ady A Ay v da

4.5.1 AANIANHIYNTAIULYIUDATNLIENIINADIYaNITIAUDIANATOU

Ia 1 J { a
HANITATIIAIBNADIANITIAIBIAAATOU WD 1¥AaaYed MRSA MANE1S
arAa a [ { 4 [ 4 ad nm Yy a [
asgliwedy  NanwazdeuliiemsunumadunaiGelnan lild@uasana  Tag
o A o 2 : A a9 a o s o s
anvazidunamu 131519090 taz usadAaddy e1vman mivwad uaz miuwyaa

21990111018 AININN 4.5-4.7
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4.5.2 HAMTAATITHAELAIBI Flow cytometry

1 Oh-Cont-PI1.003

Oh-Cont-PI1.003

0 200 400 600 800 1000
FSC-H

-. Oh-Cont-PI1.003
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0h-Cont-P1.003

0h-Cont-P1.003

104

M2

103

102
FL3-H

100 10!

|—

104

MW 4.8 Histogram 11&A9 Normal control YVo¥adtunfiss MRSA 3a1 0 h
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H [ ¥ H aa 4 {
M990 4.1 ALAAINUNNADA V99 Normal control YDAUKaALUANITS MRSA 71381 0 h

Quadrant Statistics
File: Oh-Cont-P1.003 Gate: G1
Gated Events: 9852 Total Events: 10000
X Parameter: FL3-H (Log) Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear

uL 2 0.02 0.02 79.17 74.65 57.79 57.77
UR 0 0.00 0.00 ok ok ok ok
LL 9850 99.98 9850 11.78 5.68 2.19 1.76
LR 0 0.00 0.00 ek ok ek ok
Quadrant Statistics

File: Oh-Cont-P1.003 Sample ID: Oh-Cont-PI

Gate: G1 Gated Events: 9852

X Parameter: FL2-H (Log) Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear

UL 16 0.16 0.16 117.96 109.60  23.03 20.63
UR 1 0.01 0.01 226.71 226.71  15.82 15.82
LL 9835 99.83 98.35 13.82 6.41 2.17 1.75
LR 0 0.00 0.00 ok o ok o

Histogram Statistics

File: Oh-Cont-P1.003 Gate: G1
Gated Events: 9852 Total Events: 10000
X Parameter: FL3-H (Log)

Marker Left, Right Events % Gated % Tota Mean Geo Mean CV Median Peak Ch

All 1, 991( 9852 100.00 98.52 11.79 5.68 132.46 5.88
M1 1, 10 8377 85.03 83.77 13.38 7.62 113.32 7.77
M2 114 9Qa1( 14 n14 N 14 138 ’7 127 A2 11 04 135 1A

Histogram Statistics

File: Oh-Cont-P1.003 Gate: G1
Gated Events: 9852 Total Events: 10000
X Parameter: FL2-H (Log)

1

6
127

Marker Left, Right Events % Gated % Tota Mean Geo Mean CV Median Peak Ch

All 1, 991( 9852 100.00 98.52 14.01 6.45 139.38 6.49
M1 1, 16 8239 83.63 82.39 16.33 9.17 119.58 8.90
M2 101 KR1RK¢ R 00 N N2 209 42 200 NK] 716 201 A9

1

8
109
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M5199 4.2 ANEAINUANITDA V09 Ampicillin treated cells VoUFaALUANITE MRSA 9

1791 0 h

Quadrant Statistics

File: Oh-Amp-PI1.005 Gate: G1
Gated Events: 9846 Total Events: 10000
X Parameter: FL3-H (Log)

Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear

UL 2 0.02 0.02 127.07 126.92
UR 0 0.00 0.00 ok ok
LL 9839 99.93 98.39 12.77 6.22
LR 5 0.05 0.05 208.19 204.98
Quadrant Statistics

File: Oh-Amp-P1.005 Sample ID: Oh-Amp-PI
Gate: G1 Gated Events: 9846
X Parameter: FL2-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean

Y Parameter: FL1-H (Log)

64.23
Fokk
2.05
15.42

62.64
Fokk
1.68
15.37

Y Mean Y Geo Mear

UL 9 0.09 0.09 175.26 169.33 28.42 23.67
UR 1 0.01 0.01 291.64 291.64 17.47 17.47
LL 9831 99.85 98.31 14.55 6.70 2.04 1.68
LR 5 0.05 0.05 243.72 243.19  13.03 12.91
Histogram Statistics
File: Oh-Amp-PI1.005 Gate: G1
Gated Events: 9846 Total Events: 10000
X Parameter: FL3-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean CcV Median Peak Ch
All 1, 991( 9846  100.00 98.46 12.89 6.24 133.72 6.55 1
M1 1, 10 8507 86.40 85.07 14.13 8.13 109.55 8.51 11
M2 114 QO1( 21 021 N2 150 71 147 20 2218 144 AN 127
Histogram Statistics
File: Oh-Amp-PI1.005 Gate: G1
Gated Events: 9846 Total Events: 10000
X Parameter: FL2-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean CV Median Peak Ch
All 1, 991( 9846 100.00 98.46 14.84 6.74 14281 7.10 1
M1 1, 16 8179 83.07 81.79 17.14 9.75 116.73 9.73 12
M2 101 K1RK¢ 15 n1s n15 929219 220 41 1260 216 74 102

35
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Oh-Lup-P1.004
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1 Oh-Lup-P1.004 1 Oh-Lup-P1.004

'. - Ty Ll | LU |
109 10! 102 103 104
FL3-H

Oh-Lup-P1.004 .. Oh-Lup-P1.004
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AMNA 4.10 Histogram 11&A9 Lupinifolin treated cells ¥odiyaauuaiiss MRSA M13a1 0 h
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5199 4.3 ANEAINUNNIIaDA Vod Lupinifolin treated cells YoUaauUAfiss MRSA #

181 0h
Quadrant Statistics
File: Oh-Lup-P1.004 Gate: G1
Gated Events: 9848 Total Events: 10000
X Parameter: FL3-H (Log) Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear

uL 3 0.03 0.03 131.76 128.64  89.94
UR 0 0.00 0.00 ok ok ok
LL 9844 99.96 98.44 12.34 6.06 2.13
LR 1 0.01 0.01 203.51 203.51  14.07
Quadrant Statistics

File: Oh-Lup-P1.004 Sample ID: Oh-Lup-PI

Gate: G1 Gated Events: 9848

X Parameter: FL2-H (Log) Y Parameter: FL1-H (Log)

87.38
Fokk
1.72
14.07

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear

UL 8 0.08 0.08 126.41 103.90 25.06 22.04
UR 3 0.03 0.03 301.23 289.03 73.81 57.25
LL 9835 99.87 98.35 14.23 6.66 2.12 1.72
LR 2 0.02 0.02 251.62 251.41  13.13 13.10
Histogram Statistics
File: Oh-Lup-P1.004 Gate: G1
Gated Events: 9848 Total Events: 10000
X Parameter: FL3-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean CcV Median Peak Ch
All 1, 991( 9848 100.00 98.48 12.39 6.07 132.57 6.46 1
M1 1, 10 8472 86.03 84.72 13.63 7.95 109.44 8.28 9
M2 114 QO1( 20 020 N 20 129 A9 138’22 1480 13K 1A 120
Histogram Statistics
File: Oh-Lup-P1.004 Gate: G1
Gated Events: 9848 Total Events: 10000
X Parameter: FL2-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean CV Median Peak Ch
All 1, 991( 9848 100.00 98.48 14.46 6.69 143.24 7.04 1
M1 1, 16 8204 83.31 82.04 16.75 9.63 117.96 9.56 7
M2 101 K1RK¢ 7 007 n 07 26103 295352 2033 24144 241
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WA 4.11 Histogram LeA9 Normal control Yo4saatiuailiss MRSA fida1 2 h
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M9 4.4 AWAAINUNNWADA V99 Normal control cells 1UANITS MRSA 9741 2 h

Quadrant Statistics

File: 2h-Cont-PL006 Gate: G1
Gated Events: 9862 Total Events: 10000
X Parameter: FL3-H (Log) Y Parameter: FL1-H (Log)
Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear
UL 1 0.01 0.01 88.17 88.17  91.40 91.40
UR 3 0.03 0.03 229.98 226.03 165.51 162.53
LL 9856 99.94 98,56  12.37 6.08 2.04 1.67
LR 2 0.02 0.02 325.78 294.27  22.82 21.38
Quadrant Statistics
File: 2h-Cont-PL006 Sample ID: 2h-Cont-PI
Gate: G1 Gated Events: 9862
X Parameter: FL2-H (Log) Y Parameter: FL1-H (Log)
Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear
UL 9 0.09 0.09 144.47 13496  19.82 19.24
UR 5 0.05 0.05 463.34 436.36 123.74 103.85
LL 9844 99.82 98.44  14.18 6.64 2.02 1.66
LR 4 0.04 0.04 227.83 227.73  13.37 13.31
Histogram Statistics
File: 2h-Cont-PL006 Gate: G1
Gated Events: 9862 Total Events: 10000
X Parameter: FL3-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean CV Median Peak Ch
All 1, 991( 9862 100.00 98.62 12.51 6.10 139.18 6.49 1
M1 1, 10 8451 85.69 84.51 13.76 8.06 109.82 8.43 8
M2 114 991( 32 032 n32 187 25 14943 4215 140 75 143
Histogram Statistics
File: 2h-Cont-PL006 Gate: G1
Gated Events: 9862 Total Events: 10000
X Parameter: FL2-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean cVv Median Peak Ch
All 1, 991( 9862 100.00 98.62 14.62 6.68 157.40 7.04 1
M1 1, 16 8238 83.53 82.38 16.61 9.52 118.59 9.56 10
M2 101 R”18¢ 15 n15 N15 20A N2 2GR0 A1 51 18 224 AR 104
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AMNA 4.12 Histogram UaA Ampicillin treated cells Y9axaauuaAfizs MRSA 1an 2 h
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H 1 ¥ 1 an 4 1
M5190 4.5 ANEAINUANITDA V09 Ampicillin treated cells VoUFAALUANIT MRSA 9

91 2 h
Quadrant Statistics

File: 2h-Amp-ii.021 Gate: G1

Gated Events: 9686 Total Events: 10000

X Parameter: FL3-H (Log) Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear
UL 0 0.00 0.00 ok ok ook ok
UR 11 0.11 0.11 1140.98 589.65 73.38 70.01
LL 8805 90.90 88.05 13.48 6.17 1.32 1.22
LR 870 8.98 8.70 631.14 507.00 3.25 2.57

Quadrant Statistics

File: 2h-Amp-ii.021 Sample ID: 2h- Amp-ii

Gate: G1 Gated Events: 9686

X Parameter: FL2-H (Log) Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear
UL 5 0.05 0.05 139.32 127.49 25.34 24.36
UR 20 0.21 0.20 1659.93 966.40 48.78 38.42
LL 9053 93.46 90.53 12.18 3.82 1.33 1.23
LR 608 6.28 6.08 543.91 474.58 3.44 2.91

Histogram Statistics

File: 2h-Amp-ii.021 Gate: G1
Gated Events: 9686 Total Events: 10000
X Parameter: FL3-H (Log)

Marker Left, Right Events % Gated % Tota Mean Geo Mean CV Median Peak Ch
All 1, 991( 9686 100.00 96.86 70.24 9.21 344.63 6.98 1
M1 1, 10 7815 80.68 78.15 11.65 6.88 134.51 6.73 8
M2 114 Q91( 1048 1082 1048 KRR O/ 41525 0228 40A 79 649

Histogram Statistics

File: 2h-Amp-ii.021 Gate: G1

Gated Events: 9686 Total Events: 10000

X Parameter: FL2-H (Log)

Marker Left, Right Events % Gated % Tota Mean Geo Mean cVv Median Peak Ch
All 1, 991( 9686 100.00 96.86  49.03 5.24 389.03 3.49 1
M1 1, 16 6490 67.00 64.90 13.29 5.86 193.82 4.83 3
M2 101 R1RK¢ ARO 711 A RQ K24 Q97 44R AR 7R 01 421 70 108
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AMNA 4.13 Histogram L1eA9 Lupinifolin treated cells Yodiyaauuaiiss MRSA a1 2 h
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H 1 ¥ 1 an 4 1
5197 4.6 ANEAINUTANIIADA YOI Lupinifolin treated cells VoU¥aauUANizs MRSA #

Na1 2 h
Quadrant Statistics
File: 2h-Lup-ii.018 Gate: G1
Gated Events: 9523 Total Events: 10000
X Parameter: FL3-H (Log) Y Parameter: FL1-H (Log)

Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear

uL 6 0.06 0.06 76.04 55.98 72.78 67.12
UR 231 2.43 2.31 440.39 397.18  67.97 63.36
LL 8756 91.95 87.56 32.10 12.92 4.90 2.65
LR 530 5.57 5.30 232.20 227.36  32.00 30.94
Quadrant Statistics
File: 2h-Lup-ii.018 Sample ID: 2h-Lup-ii
Gate: G1 Gated Events: 9523
X Parameter: FL2-H (Log) Y Parameter: FL1-H (Log)
Quad Events % Gated % Tota XMean X Geo Mean Y Mean Y Geo Mear
uL 944 9.91 9.44 146.15 140.97 22.34 21.73
UR 553 5.81 5.53 397.46 350.70  49.46 45.21
LL 8022 84.24 80.22 19.64 7.45 3.43 2.19
LR 4 0.04 0.04 285.35 275.70  10.30 9.69
Histogram Statistics
File: 2h-Lup-ii.018 Gate: G1
Gated Events: 9523 Total Events: 10000
X Parameter: FL3-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean CcV Median Peak Ch
All 1, 991( 9523 100.00 95.23  53.17 16.48 179.20 14.20 1
M1 1, 10 7520 78.97 75.20 23.82 12.18 113.20 10.94 7
M2 114 Q91( 1409 1480 1400 922493 20005 AR 26 182 RA 142
Histogram Statistics
File: 2h-Lup-ii.018 Gate: G1
Gated Events: 9523 Total Events: 10000
X Parameter: FL2-H (Log)
Marker Left, Right Events % Gated % Tota Mean Geo Mean (&Y Median Peak Ch
All 1, 991( 9523 100.00 95.23 54.23 12.49 217.89  10.00 1
M1 1, 16 7309 76.75 73.09 32.75 13.91 124.37 11.86 6
M?2 191 K18K¢ 704 7 R9 704 2356 22 212238 7275 27881 101
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4.5.3 DNA laddering assay

4 o ara a [ c&’ [ ara
iievhmsAnyInavesasgiliiedune DNA vou¥o MRSA WU a15gllil

Y
Woauli'ldtinane Insea319v09 genomic DNA voayauuniize Tasn1sf/Seufeuny

Triton-X (positive control) 91NMITUNAANYUE band na autolysis AIMNN 4-13

Oh 1h 6h

M C L Amp Auto M C L Amp AutoM C L Amp Auto

MW 4.14 11FAIGNHUE band VoI genomic DNA VULHY 0.7% gel electrophoresis anano, 1

iag 6 h



45

454 WaMIUAAI@ONUBY Drp3s A2838 PCR
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MNR 4.15 Gel electrophoresis UAAIMIANTININGY Drp35 Taanafin Polymerase chain
reaction mau%a Staphylococcus & wﬁuﬁ (1) 100bp marker (2) DMST20646 (3)
DMST20646 UNSINAVATS Lupinifolin (4) ATCC29213 (5) ATCC29213 Uw
5NNV lupinifolin (6) DMST20649 (7) DMST20649 UN5IUAVH1S lupinifolin

(8) DMST4738 (9) DMST4738 UN5INAVA1S lupinifolin
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1. Hot air Oven
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3. 1Y Silica gel Gy, F,s, 02gN1I8N
4. é}ﬁmwmfgﬂwﬁaumﬁf 7
5. LLW"Llﬂigﬂ'l‘]slﬂiﬁN What man No.1
6. 96 well plate
7. MunzAsuTenUATite
8. MapANAaDl
9. ﬂgﬂﬂﬂﬁﬂﬁﬁﬁﬁamﬂﬁﬁﬂu
10. fnnes
11. Flasks
aandl
1. Hexane
2. Dichrolomethane
3. Methanol
4. Mueller-Hinton Broth (MHB)
5. Agar
6. 0.85 % NaCl
7. 0.5 McFarland
8. 10% NaOH (1 N)
9. Ampicillin
10. 0.1 M phosphate buffer (PBS, pH 7.2)
11. 0.25% glutaraldehyde
12. 1% osmium tetroxide
13. Acetone
14. Spurr's resin
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

27.

copper grids

2% uranyl acetate
lead citrate
Agarose gel
Ethidium bromide
TBE buffer

Taq DNA polymerase
MgCl

TE buffer

Drp35 primer
RNaseA

Sodium citrate

NaCl
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