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(Biodiesel from microalgal oil)
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NNRATHATTNOUALIATEIAID1 (Belarbi et al.,
2000) wazidieidafia Hnsasuseninuien
Solazyme HAZUTHN Imperium renewables W4
avfgowin TaouSem Solazyme Fuiu

CH,O0COR"”

| Catalyst
CHOCOR NS IROES" S8
CH,OCOR’

Oil or fat Alcohol

(Triglyceride)

ArermamanaTuladvesmmsioimhiings
sm:ftﬁﬂtf1ﬁut7m‘s'mﬂmmﬁnffqﬂauiﬁiwm
YDIUTHEN Imperium renewables !ﬁﬂi'ﬂumiﬂaﬂ
TuTef¥a (Dillon, 2007)

(‘ZHZOH R’’COOR
CHOH + R’COOR
él—l ,OH R’COOR
Glycerol Biodiesel

(Methyl/ethyl esters)

: g A& a -
31 1 nszrumsnsueameIlinduientsudnluTofma (Fukuda et al., 2001)

ANENINYRIATIHIBUVUIAANABNITHAR
Tuledwa
ﬁnﬂmaﬁi’wﬁﬂiuvsmwwmmunmwuﬂqﬂ
wwmuwﬂﬁﬁn?%’uyammauh‘lﬂﬂmuu
amwvnadngaiide 1dn/3oulude ety
Tumamzios ndeyanis3sedidosmandnly
ToRmanminhuamsennadniid s nadouns
50 weuhiudwai 19 lusvuvudiues
ﬁﬁ?gam?mﬁ’mmiﬁuﬁ‘lunmﬁymmm'mﬁm
auam 1 D4 3 mmwuwmnnﬂﬂ'ﬁumsﬂqm%
v (m'ﬂa‘n ) mmwmmmanmwuﬂums

ﬁ':’;ﬁﬁl&ﬁllﬂﬂl‘ﬁﬂﬁﬁﬁﬂﬁﬂﬂﬁ: 80 wmumunum

2006) (A15 90 2)
Iﬂﬂ‘u‘liju’ﬂ"]?’?'z’1ﬂﬂlu1ﬁlﬁﬂuﬂﬂlﬂ'ﬂﬂﬁﬂﬁ‘18‘l‘l1ﬁdu

(Metnng 1996; Spolaore et al.,

Adeldanlszneuiiulasndme lsd¥als o
MFVOUBYsTHIN 1222 DzApuse lulana (Chelf,
1990; Ratledge,
dnfifinenumsinunisaiemsnanthi Wy

1991) (M5199 3) AT IWUUIA

Neochloris oleoabundans, Scenedesmus dimorphus,
Euglena gracilis, Phaeodactylum tricornutum,
Isochrysis galbana, Botryococcus braunii, Dunaliella
tertiolecta, Spirulina sp. Chlorella vulgalis, Chlorella
protothecoides mazavitongulaozasy

(www.oilgae.com)

maai 1 nlSeufvuuvasvesluledesa (Chisti, 2007)

indevesniiy HaNBAT AT Nufindesms %’nﬂnwaaﬁuﬁmﬁmwﬂgn
(ans/anms) (@manms)’ Tuanigonism'
11 Tna 172 1540 846
M Iua (canola) 1190 223 122
thdminiseso 45 24
AMIVUIAIAN 136,900 2 1.1
amiwnnaEn’ 58.700 45 2.5

mﬂ%‘luswwummvaw 50 1ramrmwaqﬂ‘ﬁmmnﬁmﬁuﬂhﬁmgmmm

: umummwmum 70 %BQ%THUﬂL‘Bﬁﬁ (mmm“lmﬂﬁmﬂgﬂimmmwsmmms)

¥
L

dniumnieiovay 30 mammumwaa (m‘swa»’nclumﬁmﬂgnsmmmmmmmﬂ
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a2 Unanhiuvesamisuninadinuiesila (Chist, 2007)
FIHNEVHIAEN USanasiniu MHIWUIIAEN YSananiniu
(% vosvminniy) (% vestmiinus)
Botryococcus braunii 25-75 Nannochloropsis sp. 31-68
Chiorella sp. 28-32 Neochloris oleoabundans 35-54
Crvpthecodinium cohnii 20 Nitzschia sp. 45-47
Cvlindrotheca sp. 16-37 Phaeodactylum (ricornutum 20-30
Dunaliella primolecta 23 Schizochytrium sp. 50-77
Isochrysis sp. 25-33 Tetraselmis sueica 15-23

ﬂ- =3 & =t i o o o oM Aﬂ? d’! J da (a
"IN 3 ‘!fuﬂﬁ]ﬂﬂﬂﬁﬂuhluu'ﬂ“ﬂluﬁ']ﬂﬁ']ﬂﬂu']ﬂlaﬂ'lj1qﬂqﬂﬂuﬁinﬂlaﬂqcluﬂ']ﬁ'ﬁlﬂﬂﬂ“ﬁﬂﬂuﬂ'§ﬂ1ﬂl

wlasnuiisanenasuia lulaswu  (Chelf, 1990)

SR RV eaty

awsna lulasuiasne

ansnamsanafSanalulasiou

Ankistrodesmus sp. 16:0, 16:4, 18:1, 18:3

Boeryvococcus braunii 16:0, 18:1, 18:2, 18:3
Dunaliella salina

Isachrysis sp.

Nannochloris sp.

14:0/14:1, 16:0, 16:3, 16:4, 18:2, 18:3
14:0/14:1, 16:0, 16:1, 18:1, 18:3, 18:4, 22:6 14:0/14:1, 18:1, 18:2, 18:3, 18:4, 22:6
14:0/14:1, 16:0, 16:1, 16:2, 16:3, 20:5

16:0, 18:1, 18:3
16:0, 18:1, 18:3, 20:5
16:0, 16:3, 18:1, 18:2, 18:3

Not determined

= 4 U
ASHARIFAAT M IHVHIAEAN
a 4 [ = A

MIHAAAAA M wALIAANIND 19 1uns
= a - = =9 ﬂy
wan lulowaaunsonanla 2 uuuae Msiaoe
+ '-'E"ﬁliUUi%L&i‘l\‘l (photoautotrophic cultivation)

=+ et gl = o o
== myavauy luiuae Tas ¥ unsomivewiiv
wamsuaunSeomsidsauumamls Insia
setzrotrophic cultivation)

ﬂ.' 1 v

msiassmrenuulvuaa

A13193 YUBIAIMI A UIALA NI Y]
famsum miveu lasen lea ihaznasaiiunid
seuail lumsinz@eansegszana 20-30 998N

=1 = ' o ot

yaRsa NIHAMEAR NI wYIaEn luszdy
o Taom ldums@oanuuaeniion (continuous
~ultivation)  laglugrenandduniuaanazil
=, o o ey a2 1
a3 iasueu lasen leduas lidye1misiauude

addeiiedausannifinaziimsihemsides
osmnusadamswuidnesn Udesasi
mMIdu mMsiAueIMIsvzga luysnaisfunad
Foafimsniunauwauaaeanaiedesiuns
ANALNOUVDUYAE (Molina Grima et al., 1999)
nmslearfvenlasenlsdfivdesuiainlssau
’Qﬁﬂ'mﬂ'i311rﬂumiaﬂé’l’unuiuﬂmﬁ’mﬂ‘mﬁﬂ
wazdiaanisassniivoulaoenladoond
Uiimmﬁjﬁ%ﬂﬂﬂﬁﬁd (Sawayama et al., 1995;
Yun et al, 1997) mainaniouldlumnaos
amwmswvnaianluszavlvg Ao maiaeslu
52UVLBNANULTINE (raceway pond) tazlu
1309l fnTalFINMIUVVLAS  (photobioreactor)
(Terry and Raymond, 1985; Molina Grima et al.,
1999)
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szuvveitlanuuseg

seuiodauuusngiilussuudeniing
Tnadouvesemsidoudenazmadamswnaon
na TasdnAvediernhonaeunianiodusa
wiwselinnwandsznm 03 wes G 2) ms
Tnadowsi Tao 19 luwauasSuiumuite1iAans
WAUREIURA Mo evinadnluiea
;mmwﬁzéuﬁuﬁmm%&mﬁ ALA. 1950 Fatfu
Tuihusiiideyanmmiouiamamaiinmsadig
vouagmamiiiumamzidos dnilymiinude

Uszansnmmis lgmsvenlasen ledvasams
wagmsnaunarulureseudismsiuians
32UIUANNEUBBNIINTLUUIRATUIINMITLMD
i uaﬂﬂ1n€uﬁaﬁﬂn1uzﬁ’ﬂqqa¢iamaﬁm’ﬁau
NAHIBIAzAUNTSrABLY daudennesim
Mneadiouazaimsauiums higs dedi
msiavsamswdioszunil Wy msndamadves
amsiengulse Tunuainiselutsvuialng
Uszanm 440,000 MIIUUAT VYBIUTHN Earthrise
Nutritionals (Spolaore et al., 2006; Chisti, 2007)

30 O O g
O = T =
A A N O System
U0
N
oy Production

3 2 manz@samvaelutedlausag (Sheehan et al., 1998)

d‘l = ey
!ﬂﬁﬂ&ﬂ.ﬂﬂﬁm‘ﬁ’)ﬂ‘l“!lﬂﬂllﬁﬂ
A - -
inFoalPnisisnmuuunaalszauany
dusauededlumsndnradamswvinaian
1ﬁﬂﬁﬂ?u1ﬂlq\! (Molina Grima et al., 1999; Carvalho
et al, 2006) AI081UA5EIFnTITINNILLLEAY
' A = =t = '
WU 1A509UFnIalFINNIUBLAI¥TEAND (tubular
photobioreactor) sznoudlevielalasorsviinin
- A 1 1]
wanaanlanseufdiauisa liuasaado v
L @ = o P -t
Idedamita (gUn 3) Tavin@vioszivinadu

g, SR

1

=1 o q‘(
UnanesziSoavumdiulunuaveu Gia 3 (1)

S e s
H'lﬁuUﬂQWQﬂigu'Im 10 FUANATHIDIANNT]

1t Y1 o @ ok
uanimseenuuuInnenadounu lunuaa g
Aoy uuie 1dunniu UA 3 2) maan
o ' i o 0 9/ =
snouveusaaa e lunailesnu'ldlaodoqd
= g ar 9 = cb o
M3 lradguyeuhnindlennus1gad i 14
Taonis 1¥uusanana lduse ldszuuiduuyuy
0MALN (airlift pump) M3 IFuLsInadiuaung
nianmanudse It U aIAsEUUOIeADNS
¥
ONHUY NMITANUNNIIULAYNITAAAY (Gracia

Camacho et al., 2001; Mazzuca Sobczuck et al.,

=
: al
2006) AIMIZDDDNITDD IO ARG T TWER

|

=t =4 o 40
Nmummzuﬂalum'swmwmaam nsaaniuy
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ssuudldndnmsuferfuiumsesanuunies
UinsaiFammwiuveimeuniag 1) (Chisti and
Moo-Young, 1993:1994) misszuneanuioulu
A39 :1Jgﬂim‘mmmm‘uuﬂwuﬂﬂammﬂusvw
revimdeduriamannhEur e uenvmiy

Exnaust

Qumn

Jing )

(1) neseslunuIueu

winslasaiFanmuuuuasyianevuialng
annsonuquaungivesszuyld Tasnisands
TuTsaFoununuguugiindnaauiumagads
v lddununisndaluTefisageninlydae
(Pulz, 2001)

cofumn

2) nosualununag

Ui 3 insenlnsaidammnuunasyiiaie (Chist, 2007)

= ' A
n 'I‘ELﬁﬂif’f'lﬂ‘i'IU‘IJu'lﬂlgﬂﬁ,'lﬂLﬂiBQ

gy m1wuumsm“lwwawaﬂumummmms
e lviadlauuus g (mswm 4) ieenn

sesaasalSuiasveusanaingeluinieq
i-".:.%1n1mm‘uumqemﬁzuuumﬂmmmN

ffe 13 o edlsian 2 sufauamnse
Tums lduansadamusoionsArld  Molina
Grima, 1999; Pulz, 2001;
2003; Spolaore et al., 2006)

Lorenz and Cysewski,

- ] a’ 0 o A = L= 1 1 b i
w4 aSsuisumsssmmheninamn luniesfnsaiFnmuuunaaiazionlauiseg (Chist, 2007)

A 3ol fnasisanmmuunas szuuveianuusIeg

SesraalSinausadaetl (kg) 100,000 100,000
samanaoll51as (kg m?® dY 1.535 0.117
semEaRa RN (kg m”d") 0.072 0.035
Fwravauwadmmiwluhuin (kg m”) 4.00 0.14
a3 MR (d) 0.384 0.250
rna ABIMS (m’) 5681 7828
samaA WY (m’ ha') 136.7° 99.4°
58.7" 42.6°

s 1Fms ueu lasen leanedl (kg) 183333 183,333

Sweniniuii 1dohdudesas 70 veniminuds, ® Usuanihsui Idvihdudesas 30 venmiinu
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mMseansaaminalagnisiags
HULENIS I NS HA
O EAL LRI Lt RE L ALR(ATE LB PIRERY

¥
winldneneldnsdunsiziuaanazaisld

an1zi lifuasTaonis 198 unidasvewdu

U AINITUDUUAZURAINAINUNITONTINTINT Y

wpuiemTsTnsila iy amsed@dvivina@n
@

Chlorella protothecoides 1Hihmang Taaiilunnas

o A a Vv 1 ¥ =

asvewidonTymelaaniiy litualvinanaa

¥
difugenimanigmeldanizmsdunsizd

= ] A ai 1
naane 4 o Asiminziluglassalumsimne
@desamswnieldannzuuy lulneafesinaz
unasvesdunsomsuen  udilegiuszmuing
UHAWPUNTIAT UIUTIMgARAWFIATNAINITOMN

k1l :f (] (] g :
19l unsmizideea s 1d e WIneeIn
T5901HgAMMNTTNIABATAI (TUAY (Miao et al.,
2004; Miao and Wu, 2006)

msvowsuluTeanininsfummievinardn

emsoouiuluToftrasiniiu
RN RURGATATER BT Ty Tedwaniminiugmsw
vinanzdesiinasgmderivlyTefmaiingn
nnuwasoug luanigensmidimuannsgm
luTeRiasann The ASTM Biodiesel Standard D6751
dau“luﬁwnmq'kﬂmmgwmfm’u"lnTﬂﬁwawﬂq
ponilu 2 mm'§1umuﬁnymxﬂ1ﬂﬁ’f§1ﬁuﬁﬂ
Standard EN 14214 1fhumnasgluTodmarite
ms19fueueuduas Standard EN 14213 iy
u1ﬂ554m'luia'ﬁwaﬁ”l%lﬁﬂﬁ‘lm%fmwﬁq'lﬁ'mm%'au
(Knothe, 2006)

i snnainiidnlszneuves
nsalusiu ludI061989879 (polyunsaturated fatty
acids) Balused 4 guiownnin (Belarbi et al.,
2000) DN eicosapentaenoic acid (EPA, C20:5n-3)
WUz 5 WuBLHay docosahexaenoic acid (DHA,
C22:6n-3) WWuTER 6 Wuse nialuiuuazwia

pamesvensaluiufiiiiuseg 4 guiewnnh
pwiAamsesndedulusznhaiusaumaniy
aumanitsfinzaanizeaniyluTedmannamie
naEn  hiivsiandawusudadu
1 1TUEAISN (rape seed N30 canola) Hdu
isynovvesnsalusiuaTuada (linoleic acid,
C18:2n-6) Feiifuszq 2 Wuszuaznsad luatin
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Abstract
It is very easy to find the reflection point of a given point on the XY-plane with respect to a
straight line parallel to either the X-axis or the Y-axis, but it is a bit harder to find a reflection point with
respect to any straight line £ not parallel to the coordinate axes. In this research, we regard £ as a new
X-axis obtained from rotation and translation of coordinate axes X and Y in order to find the reflection point

of a given point with respect to £ more conveniently.
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3. Anmdiug
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Isolation and partial characterization of
Salmonella typhi-specific bacteriophage
N1SAALLENLLATAN M ANUAUIUSsN15ADY

LUALNastawIIwIz6a Salmonella typhi

o =

as = 1%
YY1 UNA

UNARLD

wuame3 Torn sumzdoide Saimonella typhi DMS5784 smn"lﬂﬂmunﬁﬁmmﬁmunaaumsﬁﬂ
MANATIKIAUAI I yansuemha iU ani Tasmsfaidon 180 passage i 10 MmsAnuiia
addhuitinnw 131 (host range) Tagnageuvhanuuaiize 6 wiia WuIwwARSY S. (yphi DMS5784
:Jmm"lq'smmwnﬂmmv'lﬁmtjwumﬂm mamﬂmm;mmwmwﬂwu%mmmqaﬂswmm 75 x 10°
PFU/ml nnm 150 U ﬂmmmmaﬂ1é’°lummssamwa Trypicase soy broth figmngiiresdumnh
2 Lﬂﬂu mmwnu 60 paswwaden unar 3 $2Tus uaznude pH Tusranhadorvegluems
Lamwaﬁnuﬂu mmsdeudiunifn (negative staining) maﬁﬂmm:u31u'sﬂﬂwaaﬂwmwﬂ"lﬂmsj
ndeaganssainuudaswig wuhauiiiligliadu uuy icosahedral nardurguinaialszunm
44-47 x 43-51 W TULAT) wazdumaTEnafun

Abstract

A lytic specific bacteriophage (phage) of Salmonella typhi DMS5784 was isolated from a local
sewage treatment plant in Ubon Rajathanee province. The plaque purification had been carried out in S. typhi
until the 10" passages. Determining the bacteriophage host ranges was performed against 6 bacterial strains.
Phage formed clear zones of lysis only on S. typhi DMS5784. The growth pattern of bacteriophage in
S. typhi demonstrated that the highest titer of the phage was approximately 7.5 x 10’ PFU/ml in 150 minutes
post-infection. Phage was stable in Trypicase soy broth for over 2 month at room temperature. The phage
tolerated temperature as high as 60°C for up to 3 hrs and was stable after overnight exposure to a wide range
of pH. By negative staining and transmission electron microscopy (TEM) examination, it was shown that the

phage had an icosahedral head (44-47 x 43-51 nm in diameter) and very short tail.

Mane: tuames lew, e

Key words. Salmonella typhi, bacteriophage, phage
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L INTRODUCTION

Salmonellas are Gram-negative facultative
=wis with peritrichous flagella. They are members
¢ e family Enterobacteriaceae (Pelczar et al., 1993).
“e'monella infection is the cause of foodborne

@ess 1 most developing countries. Meat, poultry,
s dairy products are frequently implicated in
etweaks.

Bacterial viruses (generally called
suctenophages or simply phages) were discovered
mdependently by Twort and dHerelle as filtrable,
mwmsmissible agents of bacterial lysis (Campbell,
JW1). In the early years, it was hoped that phage
=izht be used to combat pathogenic bacteria
sither therapeutically or in decontamination of the
swvironment, such as in purifying water supplies).
“fforts toward that goal have been renewed (Merril
=t 2l 1996). Phages have been proposed as natural
smtimicrobial agents to fight bacterial infections in
“umans, in animals or in crops of agricultural
mportance (Chen and Griffiths, 1996; Ellis and
Delbruck, 1939). Phages were widely used in the
“vping of bacterial strains of medical interest. There
« a large population of bateriophage in aquatic
snvironments (Chen and Griffiths, 1996: Wommack
and Colwell, 2000).

The objectives of this study were to
isolate, purify, determine the host ranges, and

=xamine for morphology of the bacteriophages.

2. MATERIALS AND METHODS

2.1 Bacterial strains and water samples

Sewage samples for the study were collected
from a local sewage treatment plant (Ubon Rajathanee
Thailand). S. typhi DMS5784 was used as the host

of bacteriophages throughout this study. It was

originally obtained from the Ruth Berker collection
Dundee, Scotland and maintained at the laboratory
of the Department of Biological Science, Faculty of
Science, Ubon Rajathanee University, Ubon

Rajathanee, Thailand.

2.2 Isolation of bacteriophage

Sewage samples were centrifuged at a low
speed (1,000 x g) to precipitate debris for 10 minutes
in a Universal 30 RF (Hettich, Tuttilngen, Germany).
S. typhi DMS5784 was used as potential recipients
to detect the presence of possible phages. Logarithmic
phase-cells (0.5 ml) of each bacterial strain in
Trypicase soy broth (Hardy diagnostics, USA) were
mixed with sewage sample (4.5 ml) and 10x Trypicase
soy broth (0.5 ml). The mixture was incubated at
37°C with shaking at 180 rpm for 48 hrs. At the end
of incubation period, the suspension was clarified
by centrifugation at 1,000 x g for 10 minutes and
the supernatant was filtered through 0.22-[lm-pore-
size filters (Millipore Corporation, Bedford, Mass.)
to exclude bacteria. The suspension of expected

phages was kept at 4°C.

2.3 Plaque assay

The suspension of expected phages (0.1
ml) was added an overnight bacterial cells (0.2 ml)
in Trypicase soy broth and then mixed with 2.5-ml
aliquots of soft agar (Trypicase soy broth containing
0.7% Bacto Agar [Difco]). The mixtures were
subsequently overlaid on Trypicase soy agar (Hardy
diagnostics, USA) plates prior to an overnight
incubation at 37°C. A sample was indicated positive
for phage when a lytic plaque type was observed

on the plates.
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2.4 Phage stock preparation

To amplify the phages, 10 ml of an overnight
culture of bacterial cells (10° CFU/ml) and 1 ml of
the phage (10" PFU/ml) were added to 500 ml of
Trypicase soy broth and incubated with shaking at
37°C for 5 h. After incubation which lysis occurred,
the bacterium-phage suspension was treated with
10 ml of chloroform to release any progeny phage
which might still have been in the host cells, and
the suspension was incubated for an additional 10
min with shaking at 37°C. To remove bacterial
debris, the suspension was centrifuged at 5,000 x g
for 15 min, and the supernatant was withdrawn and
filtered through 0.22-llm-pore-size filters. The phage
lysates were stored at o (Goodridge et al., 2001).

2.5 Phage purification

A single discrete plaque was purified three
times by plaque assay with S. typhi. An overnight
bacterial culture was diluted 1:100 in fresh Trypicase
soy broth and incubated at 37°C for 4 h. The culture
was then inoculated with phage from a single plaque.
The bacterium-phage culture was incubated for 18 h
at 37°C for lysis of most bacteria to occur. The
culture was centrifuged at 10,000 x g for 20 min,
and chloroform (final volume, 1%) (VWR International
Lt., England) was added to the supernatant to Kill
unlysed bacteria. The supernatant was kept at 4°C
for 20 hrs. The number of phage particles in the

supernatant was determined by the plaque assay.

2.6 Host range determination

Six bacterial strains (Figure 3) were used
to determine the host range of phages. These strains
consisted of Shigella dysenteriae DMS2137, S. typhi
DMS5784, Escherichia coli ATCC25922, Enterobacter

aerogenes, Staphylococcus aureus ATCC25923 and
Proteus vulgaris ATCC13315. Bacteriophage lysis
assays were carried out using spot plaque technique.
An overnight culture of bacteria was spread on
Trypicase soy agar and then a single drop of phage
stock solution (10° PFU/ml) was added on bacterial
law. The plates were inverted, incubated at 37 i o
overnight, and then examined for the presence of

clear zones of lysis.

2.7 Growth curve

The growth pattern of S. typhi specific
phage was determined by using a 1 ml bacterial
suspension (10° CFU/ml). One ml of the virus sus-
pension (10 CFU/ml) was added into bacterial sus-
pension. The bacterium-phage culture was incubated
with shaking at 37 C. The culture samples were
harvested at various time intervals and chloroform
was added to the supernatant to kill any unlysed
bacteria. The number of phage particles was
determined by plaque assay. The plaques were counted
and recorded by naked eyes. Virus titers were
estimated and expressed as plaque forming unit per
milliliter (PFU/ml). The bacterial cell number was

determined by using plate count technique.

2.8 Stability of bacteriophage

Using double-layer plaque technique with
phage, the heat stability of phage phage was tested
at 37, 42, 50, 60 and 70°C for 3 hrs in Trypicase
soy broth pH 7.0 by incubation in water bath.

To test pH stability, phage was incubated
overnight in Trypicase soy broth with pH varying
from pH 2-11. Upon re-adjustment to pH 7.0, double-layer
plaque techniques were performed. In addition,

phage stability was tested by storing a phage suspension
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n Trypicase soy broth for more than 2 months at
room temperature and tested for viability at weekly

intervals by double-layer plaque technique.

2.9 Electron microscopy

To observe Salmonella phage morphology,
phage stock solution was fixed by addition of 2.5%
glutaraldehyde in 0.1 M phosphate buffer (pH 7.3)
for 3 hrs and a drop of this solution was placed on
a Formvar-carbon-coated copper grid (200 mesh)
for transmission electron microscopy (TEM). After
waiting 30min for settlement, excess liquid was
removed and the grid was allowed to dry. Next,
a drop of 2% uranyl acetate was added for | min
and the excess liquid was removed with a piece of
filter paper before further drying. The sample on

a copper grid was examinaed by TEM (Jeol, model
JEM-1010).

3. RESULTS

3.1 Isolation of S. typhi specific bacteriophage
Plaque produced by S. typhi DMS5784
specific bacteriophage was shown in Figure 1-2.
The original passage o'f phage infecting S. typhi
contained a mixture of several plaque types. The
plaques produced by phage in the first passage were
a mixture of plaques, large, medium and small in
size. The plaque purification had been carried out in
S. typhi until the 10" passage. The plaque population
produced by phage samples of the 10" passage was
predominantly consisted of the large plaque size
approximately 70-80 % of the total population. The
ratios between small plaque size and large plaque
size were relatively constant during the process of
plaque selection in S. typhi. The large plaque variant
approximately 3 mm in size, given strain name STP,
was harvested and kept at 4 C for further studies.

The plaques produced by STP strain were illustrated

in Figures | and 2.

Figure 1 Morphology of wild-type plaque formed on S. typhi DMS5784 lawn infected with specific

bacteriophage. The plaque assays were carried out at 37 C.
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Figure 2 Morphology of the large plaque variant formed on S. typhi DMS5784 lawn infected with strain

STP. The plaque assays were carried out at 37 C.

3.2 The host specificity of bacteriophage

A total of 6 bacterial strains were used for
host range studies and phage propagation. Phages
were tested against members of the Enterobacteriaceae

(S. dysenteriae DMS2137, S. typhi DMS5784,

E. coli ATCC25922, E. aerogenes, and P. vulgaris)
and non-members of the Enterobacteriaceae
(S. aureus). Specific phage formed clear zones of

lysis only on S. typhi DMS5784 (Figure 3).

Figure 3 The study of STP phage (10° PFU/ml) specificity on bacterial host:

A) E. coli, B) E. aerogenes, C) S. dysenteriae D) S. typhi, E) S. aureus and F) P. vulgaris.
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3.3 Growth of bacteriophage strain STP in S. typhi
DMS5784

Growth pattern of the STP in S. typhi was
determined at 37 C. Figure 4 demonstrated the growth

pattern of virus replicated at 37 C. The highest titer

in 150 minutes post-infection. The number of
bacteria cell was shown to decrease steadily during
the entire experiment of 180 minutes. In contrast
S. typhi in a culture without STP phage did not

decrease in number. In fact it increased slightly

: . q > L
of the virus was approximately 7.5 x 100 PFU/ml with time.
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Figure 4 Growth curves of bacteriophage strain STP in S. typhi lawn incubated at 37 C. Bacterial cells at

the concentration of 1 x 107 cells / ml were inoculated with the phage at multiplicity of infection

(m.o.i.) of 0.01 PFU/cell. The virus samples were harvested at various time intervals and assayed

by plaque assay on S. typhi lawn. The plaques were counted and expressed in term of PFU/ml.

Legend:
.- -... -
— + -

No. of S. typhi (CFU/ml) in a culture with the presence of STP phage
No. of plaque (PFU/ml) formed by STP phage infection on S. typhi

—af— Control (No. of S. typhi (CFU/ml) in a culture without STP phage

3.4 Stability of STP phage

STP phage was stable in Trypicase soy
broth for over 2 months at room temperature. It was
also relatively stable with no decrease in infectious
titer upon treatment at high temperature for 3 hrs, at
37, 42 and 50°C, but showing some decrease at
60 °C. However upon similar treatment at 70 C,
no phage was detected. This indicated that STP

phage could not tolerate such high temperature.

For an overnight treatment under various pH,
no phage was detected after the treatment with pH 2
and 3. However STP phage remained infectious

after treatment with pH 4-11.

3.5 Bacteriophage morphology
Electron microscopy using negative staining
was employed to observe the morphology of

phages. A particle of STP phage consisted of an
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icosahedral head (44-47 x 43-51 nm in diameter) and a short rigid non-contractile tail without a collar

or terminal fibers (Figure 5).

£

o : J ‘ _ ng

200 nm

Figure 5 The morphology of the STP phage.

4. DISCUSSION

Bacteriophages represent the largest of all
virus groups. They occur in archaea and bacteria
and are found in enormous numbers in many
diverse natural habitats (Ackermann and Dubow,
1987). Phages are easy to isolate and inexpensive to
purify. The isolation of bacteriophages (STP)
that infect S. typhi provided an opportunity to
characterize the bacteriophages and to determine their
host range, growth pattern, heat stability and pH
stability. A virus of bacteria consisted of an icosa-
hedral head (approximately 44-47 x 43-51 nm in
diameter) and a very short tail. The tolerance of
STP phage to relatively high temperature and a
broad range of pH, suggests that it may be relatively
stable in the waste water environment. Phage can be
detected after thermal treatment of sludge and sewage
(Mocé-Llivina et al., 2003). Phages represent a
group of viruses that specifically infect and replicate

in bacteria. Phages specific for S. typhi may be

useful as biocontrol (Asheshov et al.. 1937),
therapeutic, or diagnostic agents to control and
detect the prevalence of S. typhi in animals and
food. Phage can be used as biocontrol to reduce of
Salmonella and Campylobacter contamination of
chicken skin (Goode et al., 2003). The successful
treatment of experimental E. coli infections in
Chickens and Calves using phages was previously
tested (Barrow et al., 1998). Several review the
detection by using phages suwch as 10 detect
Salmonella in eggs (Chen and Gniffiths. 1996), broth
and food (Favrin et al.. 2001: Favria et al, 2003)
were reported,

In conclusion. we have isolated and
partially characterized 2 bactemophase of S. typhi
that can be easily propagsted in the laboratory and
used to study the interaction with S. ryphi. Further
research will be comducted = osder 1o determine

and analyse the gemome of bactenophage.
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Comparative morphology of acarophagous lady beetles,

Stethorus pauperculus (Weise) and Stethorus siphonulus Kapur
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ABSTRACT

The morphology on different stages of two acarophagous lady beetles, Stethorus pauperculus
(Weise) and Stethorus siphonulus Kapur was investigated under 27-28°C  and 70-75 % RH condition.
The adults of both species were tiny shiny black beetles, oval body and convex, with 0.86 £ 0.04 mm. and
1.14 *+ 0.05 mm. length, 0.58 *+ 0.02 mm. and 0.84 + 0.04 mm. width for S. pauperculus and S. siphonulus,
respectively. Head were black, with yellow to brownish antennae, 4-4-4 tarsal formular and hairly body.
S. pauperculus eggs were elongate, smooth, yellow, two red eyespots developed before hatching, laid singly
eggs at lower surface of leaves. Whereas, S. siphonulus eggs were elongate, mesh, red and two black
eyespots developed prior to hatch. They laid either singly or group of eggs lower or upper surface of leaves.
There were four instar larvae. Larval colour of S. pauperculus varried form clearly yellow to brownish
‘vellow with rounded shaped. S. siphonulus larvae were flattened shaped with blackish grey to yellowish
brown colour. Both two species of pupae were brown to black, flattened, subtruncate anteriorly and tapered
posteriorly. Body was covered with hair liked setae, of which S. pauperculus was dropended setae and
shorter than S. siphonulus which had sharp ended setae. Due to the similar characteristic of the both
species, therefore they could be differentiate by the male genitalia. S. pauperculus male genitalia were stout
and short sipho, median piece of tegmen was longer than lateral pieces. Whereas, S. siphonulus sipho was
curved with slender apex, median piece of tegmen was very long and slender and somewhat bent, lateral

pieces of tegmen were Very narrow.

ﬁ]ﬁ"lﬁig: ot mgm%m, Stethorus pauperculus (Weise), Stethorus siphonulus Kapur

Keyword: morphology, Stethorus pauperculus (Weise), Stethorus siphonulus Kapur
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mﬁaanmanﬂaﬁnﬁqﬂlai'mﬂzlmﬁaﬁumgs
(Dendrobium friedericksianum Rchb. f) lunaaanaaay
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r 1
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' ¥
whdundindae ldvnomasasunysi ldanmsmzuia 1041uDM15gAT Vacin and Went (1949)
v i @ 1 3
dluam 17 Aeufivzihmmaasa wedasneamiwiundr linudedluemsgas vw fidmimendn
Ha¥aIMITYAT Murashige and Skoog (MS) fiAImduTuveuUuFaozAtiu (BA) fiszdy 2 5 10 uay
¥ 9
20 wn/a. annsomeaenld 3.3-23.3 wesiFudluing 40-80 Ju mamsAmniia iiumsiRaaen
v Yy wy 4 o 2w a )
Tudundndro i nemdesiunysiufuomnsasumazautuduves BA

Abstract
Seedlings of Dendrobium friedericksianum Rchb. F, obtained from germination of seeds, were
culture on Vacin and Went (1949) medium for 1 year before further experiment. Then, the resulting plants
without roots were transferred to VW medium containing coconut water and Murashige and Skoog (MS)
medium supplemented with 2, 5, 10 and 20 mg/L. benzyladenine (BA). After 40-80 days, the flowers were
observed in 3.3-23.3%. The results showed that the growth supplement and the concentration of
BA influenced on flower formation.
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Fu laTnlatiy fnademsulaomilugiarzes
AUNUT (reproductive stage) luMasANAany
(Wang et al., 1993) 91nHamsANEIENUIILD
hisimsiay BA avluewns himansadminld
inaaenldlundelivnemassiunys ileld BA
anududy 5 wn/a. anunsadniinlieenaeonld
molu 50 Fu dounimudutuuos BA nnau
w-u'a1mn1smr;ta“lﬁmsﬂﬁﬂﬂamswumﬂiu 40 m
wazfimuaenININdI F9nKaNIINARDLE
BA M1ziinademinizgumssonaanvaindislsl
Famsnaasudiu i lufiemadeafudiu Kostenyuk
et al. (1999) AnIMIFnmseanasnuoInde s
Cymbidium niveo-marginatum Mak Tuviaoanaaos
wusuiteld BA dwadlluemnsmmsariy
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msifaaeRINLILRT 97.5% wenainiinmaanulu
Doriella Tiny (Doritis pulcherrima X Kingiella
philippinensis) nazwmauuelaa Pink Leopard !f;ﬂ
Hasaugumsni gy Tanan e Inlatiuazae
dmi1¥inaaen1d (Duan and Yazawa, 1995) 910
minaaouiioidoandelfunemas i unys
luemns vw Afimsiavermisasy 1dun
huzwdn uazndae wulugasfithiuendn
ausamanenld wendndeiuduundwes
Ty Inlatiu msdanniinadensymiliinaaen
dand i laInlatiusiimsadsusnusinly
fivdugs el BA Twegnasulinmsg
pONADN

naanssulszmea

VOVBUAUUAUNIFIFIINGY A1ATY
Inoaas  wazaindvunaluladuaznig
ANAINAIIN  AugInsmaasuazimalulad
yIAneIdeEvaIuATUNS  Insuvailaail

= g/ al o' 0 &gk n!: mf
i ldeiveyuginssi lumsiisendail

v =)

1DNA1ID1994

- S K o Y 9y @

A MUt 2542, mydgnidsandle lidmsy
3 & 0w & o =1 o
ATwuan. dninwunlo@oualng. 2541.

3 [

nalulagnmswaandlelsd. Aunasean 1,
PUTUNINTUAY HOUWLAYHY T1RA,
NTUNWUNRIUAS.

Aans Tsauned, Tyanfbg mnans) uazense
noanng. 2006. ms¥mi linamasnly
HaoANAaadved Phalaenopsis cygnus
“Silky Moon” :1nmstizwan. (eoulai)
AUAUIN: www.scisoc.or.th [18 FuNAN
2549].

WYY IAT0ANEN. 2544, mamziRouudandao il
¥1UMA09UNY3T  (Dendrobium

friedericksianum Rehb. f) lyviniaszan

UTyas sindyunaluladuaznis

GATINNTIN  AmzInuimansuay
malulad wminerdoasvaiuniung,

auns Usziasgdeana wazdeu ATy, 2547.
HAYBIAIAIUANMTIATYAY TALAZHY
ouAuiuAdo NS AANINITVO10WRUT
nde limnemaesdunys. 2. aua
UATUNT N, 26(5): 757-763.

Duan, J.-X. and Yazawa, S. 1995. Floral induction
and development in Phalaenopsis in vitro.
Plant Cell Tissue Organ Cult. 43: 71-74.

Kostenyuk, 1., Oh, B.J. and So, LS. 1999. Induction
of early flowering in Cymbidium
niveo-marginatum Mak in vitro. Plant Cell
Reports. 19: 1-5.

Murashige, T. and Skoog, F. 1962. A revised
medium for rapid growth and bio-assays
with tobacco tissue culture. Physiol. Plant.
15: 473-497.

Simon, R. Igeno, M.I. and Coupland, G. 1996,
Activation of floral meristem identity genes
in Arabidopsis. Nature. 384: 59-62,

Vacin, E. and Went, F. 1949. Some pH change

Botan. Gaz.

in nutrient solution.

110: 605-613.

Wang, G.-Y., Xu, Z.-H., Chia, T.-P. and Chua,
N.-H. 1993. In vitro flowering of orchid
(Dendrobium candidum). In: You, B (ed)
Biotechnology in Agriculture. Kluwer.

Amsterdam, pp. 373-378.
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#sWUZuUNUd@aeIn Pseudomonas spp.

may 1599356275

unin

M3 URAAS T T ATINER
AR Goi Hagareiunaroaowug
Tasadseiivesndguisoinnivunt  nus
Ieman; unInndovenuny amuuuazly
Togiuu Idifumsdnufums lmaoTsvef
(siderophore) wazmslszgndld Fuiluaisi
awsnamsiFesaeldnelfuayd  nagil
auimiludunudidanumwizmizeeiolans
manlda  Taglwae Tsofiuduarsuumy
olmindogd  FewdaldvinuuaiiFelungy
Pseudomonas spp. uawﬁﬂuﬂsuauﬁu £) 5]:}4
nuaRGomaniunud aunsondalaaslse1d
demzdvaneldn e hif Tansmdnnoien
mnlunagiimnzay dseaumsdseningi
WUNDBNITIUIUNAWNAIIY (Ruangviriyachai
et al., 2000; Ruangviriyachai et al., 2001:
Ruangviriyachai et al., 2004; Sutthiparinyanont
et al., 2005)

=g

mvemhaulaindidy fie msdue
unﬂﬁﬁ'ﬂmﬂﬁuﬁdn 91 9N Pseudomonas spp.
NAnEWNAIMANTY nFnmImMIHaRaTlI N
A ~ o e - &

U ‘mﬁumﬁmeuﬂ‘lawnﬂﬂguﬂs:mmu 9
Tasmzidssneldnnzinanaanu Iadsum
Wemaar 9 asimdiaulafneniuine

aInFuIazey T s gy Taonu

Pseudomonas spp. iTuniizeaoiuguanitannse
nanmInuaula (Laursen and Nielsen, 2004)

anvazlnseaslanazanianI AN ve g
=i =
CARELTRE AT

N
s,

~
N

U 1 uaaalassadrandnvesans iy (Onfuji
et al., 2004)

= = o @ d

AUl Tasaas enan uaadagii i
& ar =4 = 1 1 ey
damsoyiugvesihndudiulvauaasaunia
WuaslfFug (antibiotic) dsAIUNUAISY
(antimalaria) @15@1U1T1990N (antitumor) HAAS
Au1l5@n (antiparasitic) (Laursen and Nielsen, 2004)
Uyanaeunadnglusie 243244 esmuraiFon
MUNIDYANAUUTIYIH0 (UV-A) iazgA-Ti (UV- B)
144 1ﬁ’wamsﬁﬂmﬁni’n (Ferndndez and Pizarro.
1999) iiansHgeasmaud Iddoouin ud

5 o i
musananisdeaneismaus 1duinnad
=4 CRC 9 = d
yaaaalimud lunnznszdu sidaasenlu
Tassadwvesasindmiy - awnsoidanis
NABUBNUUT NI (intersystem crossing) 18

madvunil Auzinewmaa  uMTIMedeveuNAY S v0uUNY 40002
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ﬁﬂfimmﬁﬂﬂgﬂmﬁmmui (Choudhury and Basu,
2003) wenmin mnfnsanIassadiamand
voadsWidu sxmuldin fuarsisznen
Uszinnmeme s lenadn (heterocyclic compound)
it luTasiouesaeuegluTuana (Pierson I and
Pierson, 1996) tazdailumsisenniaond leadan
(redox cyclic) ﬁmmmﬁﬂﬁaﬁﬂﬂﬁﬁ?m
aanc?m%’u"!ﬁ'mhaﬁ’m’[uﬁﬁ (autooxidation)
ungiidnuusiimufiamsafamsmomlszy14a
saufaluTaseadrandnvesars g
u"lu'immua wan‘lu‘lmaﬂﬂwumanmauqiﬂﬂ
Aereddeiues MauuaiiGoyiiaunsuay
Pseudomonas spp. MAZUUANITOUATNUIN 1HU
Streptomyces spp. TINDINGUUVATITON1INZIA
aunsandnmsihndiduiu idedseneld
aziivemasumios 9 (Ferndndaz and
Pizarro, 1997) 1itpamnansndudiuasuumi
olainfsgiaiundinaadugansuiad
waziimanlavunlasedad 9 guiuluniswan
REN(VREHN smﬁmmmmua"&aﬁnﬁagﬁﬁ"u 9

w a LY & o
i suiludesnuquilSuaaisuumvelas

UgugilvesnuanGomaniuldinadiuileoas
(Laursen and Nielsen, 2004)

Tuilaqiiv wuemseyiuguesiurdu wn
A1 6,000 wia Fudaenmsunud s
wandafudaonyunuiinuandiafu  uu
Tassadramdnvesansihndu @nsannngli 1
wagmnmsimuidouandeiuiy g
mseuiufvehnFunawriia nazilauifuan
andu gu guddlumsiiluarsd§iue1d
aasavumith lldszgnd 9 iuandrafudnde
amseyiuivesiinFuiinuiall - Fawdasn
Pseudomonas spp. lAun Pyocyanin (PYO) ﬁﬁﬁ‘tfﬂ.?u
U phenazine-1-carboxylic ac:d (PCA) ua"'
phenazine- 1-carboxamide (PCN) mjffmam 5’3111'1»2
hydroxyl phenazine Hudu (Brisbane et al., 1987)
indnmmaniideiud pca Mumsdadulums
wanmsoyiujvesihndudtu q fidlasaade
Fudownniuld wu Igmsiawnsodudams
m?tg'um Mycobacterium tuberculosis (Laursen and
Nielsen, 2004) wlalwoniludiuoyiusihngui
danuadesaeudiem lunnziiar pa
wasunlas nazgumgithinefilumsfvensesd
waremslfoulasauifuesastule laeriiv
mufums InTelworiufigamad -4 esrmivaidoa
¥Iwyzaemsaawavesds 1nle leeriu1dani
manuiigungines (Saosoong et al, 2007:

Tongtumma et al., 2007a)

B i

(n)

cH,
(v) (M)

g 2 uaaslnseadtaues (n) @15 Phenazine-1-carboxylic acid (PCA) (V) @15 I-hydroxy phenazine

(1-OH-Phz) 1@ (A1) @13 Pyocyanin (PYO) a1 (Brisbane et al.,

1987)
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=S ar o =] =

ﬂ15ﬂﬂﬂﬂ1$ﬂuwuﬁﬂlﬂﬁﬂu1‘“u

fladvntinadenisnaaaisoyiusue il

¥
WIFUUU  WUDIMSIANTITAIUANON TUNA
(autoregulator) 19U L-N (3-oxohexanoyl) homoserine

, SN AU
lactone (HSL) aeli/luenmnsidouse seiinand
A o = = = =4 a dl{ :: o o
samIimskaaas gy sauiemsina
naumue lavindvgiivtiaoug @1u (Stead et al.,

1996) uAMINTE515210N p-aminobenzoate YA
aduaamananms Inle lyniulidesas uandu
WUNISHAAAIS PCA 1Az Oxychlororamphin
(Byng et al, 1979) @aotansayiuvedilingu
atedofiannsonaa’ldsin Pseudomonas spp.
Ia Streptomyces spp. HARAIRINITINTN 1 UAZMIN
i 2 My

MmN 1 uaasnsoyiuivesihndusdndwingalden Pseudomonas spp. (Laursen and Nielsen, 2004)

Ry Ry
R N A _Re
R3 \Na R?
Re
1a-lu
campd Ry R: Ry Ry Rs Ry Rs Rs trivial name
la OH hemipyocyanin
1b OH
lc OH OH
id OH OH
le OH OH
1f OH OH OH
1 OH NH:
lﬁ COOH tubermycin B
1i COOH OH
1j COOH OH
1k COOH OH
11 COOH OH
1m COOH OH OH
in COOH OH OH
lo COOH OH OH
1p COOH OH OH OH
1q COOH COOH
1r COOH OH OH COOH OH
1s COOCH; COOCH;
1t COOCH; OH COOCH;s
la COOCH; OH COOCH; OH

M519N 2 naasasoyiusvesilnGy agnsdwiinaa 1dvn Streptomyces spp. (Laursen and Nielsen, 2004)

R, Ry
Ry SN
8a-8n e
compd R R: R; Rs R trivial name
Ba OH hemipyocyanin
8h OH OH
8¢ OH OCHs
8d OCH;
8¢ OCH;s DCH:,
8f OCH; OCH; OCH3 mycomethoxin A
% COOH OH OH phenacein
8 COOH CH;OH mycomethoxin B
8i COOH CH,OH OH
8j COOH CH; OCH;
8k COOH COOCH; phencomyein
8l COOH OH COOCH; SB 212021
8m COOCH;
8n COooC Ha OCH 3
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a1sWuIFu  uenvinvzwanlasin

= =t 3/ as = e ; o
HATIIULHAD tJ<1mmmmsan"!wmnmsﬁ’amsww

r—§ L] A o s A
manil uaodnndenna 1509MITAIVAN
(-2 1 H é H -y
AMUHUIMIUNUNLaZMI NNV IDIANATOUY
@ \: o Yo
meluTaseadiamdnvesansfunduiin Sam s

Luismsdunigiisla 9 Aidszaninmane

lumseausuvedsnisdaunsizsy  Nivai03s
molanzNuana1an (Laursen and Nielsen, 2004)
Pseudomonas spp. Hﬁ'lﬂﬁ'!ﬂﬁuﬁ( aunsn

panaseyusvesinFuldluennsilide.

a.

L) e ci ¥ = =
TUANAINNU “lfﬂﬁﬂgﬂ’!ﬂu‘lﬂ“am“ﬂ RuBNTI

Angwauaz1dsmsm B luasam 3

MINN 3 1ARIEMIRUEUDY Pseudomonas spp. LAz 1MsN 1HAs lumMIHARa T AL S S Ey

o d i 9
mtmmg mnﬁ"lmam

= o
uyanLIy

1NaIIe 138

P. aeruginosa - Mineral salt medium

- King’s A medium *

1l

Luria-Bertani medium (LB)
TYS broth

L}

- Ethanol broth

- Modified of K'Lng,s A medium*

Ingram and Blackwood broth I, II, TIT *

Kanner et al., 1978
Ferndndaz and Pizamro. 1997
Byng et al., 1979
Audenaert et al_ 2002
Hassett et al.. 1992

Ohfuji et al.. 200

Ohfuji et al. 200

P. fluorescens

Luria-Bertani medium (LB)

- M9 medium *

Huang et al . 2=
Huang et al . 206<

. . 2 .
P. aureofaciens - King s B medium *

- Luria-Bertani medium (LB)

- M9 minimal medium*

Pigment production medium (PPMD)*

Chancey et i 199
Chancey et 2l 199%
Whistler et 2 205
Whistler et al . 25

> ;j e !de o T 4 - L
HHgLyif. Sy H@:ﬂﬁﬂ']ﬂT?TlHﬂ!Jcl‘Hmﬂﬁ H.Ei&ﬁ1ﬂ159ﬂﬂﬁﬂ13ﬂl§ﬂuﬁ1}ﬂ~1ﬁumH"'

A [
HesInmsnasThnduiauianuans

Faond lynan Seaunininlfiierduluanaves

pondon 1@ v liinaasaglosoonlad (superoxide)

¥
laTasoumesonlad (hydrogen peroxide) 1u'ld

F c{ﬂ o v (] = '
moldanznl Tanzduduss 9y man aewas
¥ v
maniulaou il laasen ladusada (hydroxide
OH")

radical, Tasnansas nAAINNITM

3
UgnsewesansthnduiuTuanaveseanavuuil

Yuilumumguesmsiiaeuiusussnanduiiiiu

ATy Midwasdinsaem d st s
!.‘Hﬁﬂﬂ'ﬂ’n m1umz‘iuwmwu1-!ﬂz'
IGERME ﬂ;]nsummwmw

. -

'1uwammmquﬂua~
Futunsaaionionts ue it
T I T PT I SRR g S
WAL TAVBINTIERS e S
Holeduin  unshIm e —
youiindonu 1dond e e = o
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= =
MaAsIvaaUTIIHUIBFY
= u‘: r—§ =, 3 L
MsnsIaauaMsNFUIUIMawI5 Uy
AusiauazdoRufvosnuniiSoindanonin
samnariavese sl faswaznaaiusives
i dunanly  35adenldialdluns
- o -9 = =y r:: =1 =v=|
nTEvtazylsauvssm s WinguiulvawIs
wueIdeIsIsganauuds  lTaglsimaindans
T TedaadaanlnInsalnil (Mavrodi et al.. 2001)
1 =1 C\“
AIUMIATINABUANNVINTAWIT0AITI 1A
manalasuInnsAveuatansiousga
(Fernandaz and Pizarro, 1997) HANBUATIVIA
at Yoy @ F | -4 o
inl¥isnisanaaisnuidudlenisananyy
VDANAT-VDAUNAINOY  AIDYTUTY
u
ﬁﬁdlﬂ‘lmﬁﬂﬁ Pseudomonas aureofaciens
3 v
Tuomiismadgas PPMD 9 imivi limAsauen
G‘ 1 -ﬂ' (73 T ar
Mummzduiuvesrad ¥Usy pH iy 2
A1un3a HCl anaa s B UAWIIUTY 9 2 A5
¥ £ "
nnunasazae lusuve suusun 1§y
ud i Tszmenda dashn ldazaeluasazan
0.1 N NaoH hlasaniamimisganauuasaie
4 ] ) =
seimia-sanstllede aulains laiwes
NANLEMIAAY 367 U1 TUIAT (Whistler and Pierson
o o
I, 2003) WIOHAUNILIABUTD Pseudomonas
aeruginosa N 28 oaraIFea ﬁflunm 96 ¥ 134
Tuomismalgns Pseudomonas P 15uas 25
Haaans W liwAsaen  ougnorauntiy
s = P~ | 3/ -4
YodMalean anamsHuIFudnan lseasy
3 3 L1}
$1 2 Ase WFvuvesnaslswesy Tidaa
= 3/ d. &S e A a o3
mMIganauLaIRIuAIeIdIa-oans1lalaiaa
3 ; 4
alnIns I Tndwes nanueInau 367 i lumas
(Audenaert et al., 2002)

=: = = =
msm‘m:rqunﬁmwamwvmm‘sﬂuwu
(Bioassay)

msnaaeua s Wuidulunisiduais
o
Ugwanziin mldlasldemisgas PDA 1hn

T

4

Yfum pH Timinzaudlsnsazawiiives #
sznoulidaoneama thudu 20 mM uazFiasa
g c:; o ar as J
WUty 20 mM unuthnaudmiuldmeaeuiuies
uazMINANFadIUARGe M 2% veijuems
ﬂi 1 é =4 3 a 1 ~ Q a
Ngu @31 1% peptone (MMMNABUTINAT) dMTU
lEnaapUAITOUUANITE  AIUNITIASOUIRY
paper disc NUMTUZFIUZIAROUBIUULNY
v
paper disc Hu Tagsmeans phenazine-1-carboxy-
lic acid 1WuYH 1.5 mM Tuwsiueanveauuusuy
paper disc HAL AU paper disc AINA1I AU
o suisnilgaunidndeosmanaaousg 3o
w1t msmgnquiang vueis i vinadu
' o =y e 1 = = :i
Hiugunais 3 Naawas uazldasihingun
@
doaminaaevad ludsnnmameidosgaunid
Ndosmanagouiuma) 2-3 U (Brisbane et al.,
’ 4 % gl
1987) nazasindamalasunlasimeay
PR 3/
puanGentoulslunisasivaounig
= =4 = d-y 2 0.0y ! vys
ﬂnmwmmmsﬂuwu HH ‘lﬂuﬂ Bacillus subtilis,
Escherichia coli 1a28a@ Saccharom yces cerevisiae
o ar qw cf oo g 9
Taedasmisanyinel  1deauanGenlenaaon
= df c: = =3 e 3 =
TuomisiFeriuanionigldd e ldaiou
1 a‘: o 9 1 ~
culure eio1)) Mmiuguuemalvdedluniizn
Fuvounar @uwadvesgaunidasluiueims
nguq wanlddiny i ldmasun plate 1da
1 9o n’: | qi_v
daesliituas nntiuveamslRyuzndeans
" ¥
NAAOUAIVY plate Nilungu udUNY plate 1iu
y= - = as
ngamgil 4 ssrusaidoa Wuna 2 Falus
viniuin hhisfiguuginmunzaudiniviye
1 = .:? 3 ot g w ﬁl 1
ugazyia naldifunar 1 u udiaduru
3 @
guinanuinunmansduds  nlisumsuiu
YANIUAN (Stead et al., 1996)

w d
Uszlarivesasilindunazansoyusvos
= =
nau

3

sz TowivesmisHuduriuiuinuie
& 1 1 1
Faamnaauseanilumuan q
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- Anunmasasy MInnsRasundud
ausaduasdnuafiGonazide  duiu
mmmaﬂﬂmﬁﬂim Take-all TusndnnInadu
Lﬂ‘u o 'l!.'}’lﬂlﬂ‘inﬂi.‘tfﬂ Gaeumanﬂomyces grarmms var
tritici 53““¢ﬂqn1iﬂﬁﬁﬂﬁﬂ1iﬁ]im‘\lﬂﬁi‘ﬁﬂi?ﬂﬂﬂ
Tsafsiiaoug &wuideatu (Pierson T and
Pierson, 1996)

Aumaunnd wui asnduung
siiadaunialumaiuensdunziald udedials
A aseyRufvesilundudszianiiing
Tnssadramaniliineudhadaudiou (Lee et al, 2004)
pyocyanin La% 1-hydroxyphenazine Hewiadiu
msﬂﬁ%uﬂumﬁ5u5en151%?mmau§aswﬁa
Candida albicans W% Aspergillus fumigatus “tﬁaﬂ
Sudedordualumsiialsn pulmonary candidiasis
Tuau (Kerr et al., 1999) HazUONMINTUAS
pyocyanin ﬁﬂgﬂﬁ11ﬂ1“§1ﬂﬂizﬂ1uﬂ1iﬂ1&
ndnssulumsdnluasnoonlad (Reszka et al.,
2004)

- Sweammnssy ilesnnasihndui
auiafluasiaansaiianisiaend 144
o lldszgnaldmisdiu Bioelectronic uag
Biosensors 1agiilua3@Inad (Mediator) luszuy
Glumse SEnsors HI,G?I’ (Ohfuji et al., 2004) HBNIIM
uunmsmms pyocyanin 1) 1¥aamsidenanin

‘l]i]\iu"liluﬂll‘ﬂllﬂﬂﬂi ﬂ‘l.[iﬂﬂullﬂ‘ﬂl'iﬂ (Sean

Norman et al., 2004) uazaswuFudesgmirlyly

Wuamilszaouluumeisaswadgios (Solar cell)
(Jana, 2000) waglFlumsdFulgeda Inihluaw
odnuail i 1d8nde (Puskds and Inzel, 2005)

dmsuluduneasnssuldainisih
Pseudomonas spp. WHAA@1IAIUANTIANINI

= A a - A 8/
FIAININ mﬂﬁﬂﬂ"lichiﬂ'l‘iﬂ’lﬂﬂllﬂﬂmil %‘lfl'ﬁ]i‘h’

Jam 114
- as o 9/ o 9/ a
msnldunTIzvaatiosad M IdHanaan 1Ny

= A & o o ¥
AMIINYITUALAYIN '58’111‘1‘55']1lﬂ'1ﬂ

MmNy tazilulinsasAwIAABNNINIY @198719

dsoyiuivesilinduiidiganianienisdy
W 30 Yuda 1dun @13 Cedomon 3AUTHN
BioAgri AB 911a 910183 Uppsala smeaaau
Tasmshwiaisueudeasihndy findann
Pseudomonas chlororaphis Lﬁﬂ‘ﬁ'wiumiﬂﬂ%ﬁu
Tsnlughauiaduazdnion wazdalniniu
1&nmsiuanuaul lumsiauimsniugulsn
fsmadamnaidaluy  eversnuvesnis
Uszgndlduaznisniuguiaeiiialsafisiy
(Chin-A-Woeng et al., 2003)
dmTuauisonoanulsz Tesives
Pseudomonas spp. ﬁwn’luﬂizmﬁ"lm ﬂtjnﬁf?ﬁtt
nnANINGIMans unanedsveuuny 1dims
Anmuhmseyiusihndurianilsie ms PN
ﬁwaﬂ"!gl’i]‘lﬂ Pseudomonas aeruginosa R 21130
fudansinyvesuaiiGealy 18un Escherichia
coli  naliialsanessasluanuaszludad
Bacillus substilis W IiRAMs AR
Tamﬁ“luﬂuuaﬂuﬁ’m'f Staphylococus aureus 171
nalwiRalsmleauau Tsanamia lunszgndnay
Lmzuaﬂmmfui‘fammmﬁ’m{mﬁm?mﬂm
wuafidenawaoiuiine lsalufimasugialng
VN¥UA (¥Y  Ralstonia solanacearum, Erwinia
carotovora 8% Xanthomonas campesiris pv.
vesicatoria Buihuaumaveslsalu wzidoms neman
Ua uaznin muaay (Hongtani et al., 2007) @13
|-hydroxyphenazine ‘ﬁﬂaﬂ‘lﬁiﬂﬂ Pseudomonas
aeruginosa é‘famu1mﬁu§qm'm?mﬂrmsmﬂﬁﬁ‘ﬂ
¥iiade 9 aenanineu 1duiu uazuenan
uumiﬁmﬂuej&mmmaummimmmmvfmwuﬂ
Candida albicans Fuiluileduidoslumsifalsa
pulmonary candidiasis Tuauladae (Saosoong
et al., 2007; Tongtumma et al., 2007b) Hﬂﬂ’ﬂ’lﬂ‘lf‘u
tia1% PCA PCN pyocyanin UaZ 1-hydroxyphenazine
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Abstract
The motion of a falling body to the Earth under gravitational force was calculmes 1= S s
physical phenomenon, the form of equation of motion is a non-linear ordinary differentia sguamem. o

problem cannot solve with analytical method. A numerical method was used 10 sofve S gdiem o

applying the 4" order Runge-Kutta Method. We found that numerical results could sxpiss S menom o

falling body at very high level.
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