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Hepatitis C virus (HCV)
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Ti¥oan hiadusniery & (HCV) (Choo etal., 1989)

AmanliGvashiaauaniay 8

(Hepatitis C virus, HCV)

Thiadudniay & Tnseafredluuid
anvuzaaeny Tiialy genus Pestiviruses I1Qg
Flaviviruses (Choo et al., 1991) agnialdiinseon
il genus ilsluasena Flaviviridae e genus
Hepacivirus (Francki et al., 1991) oy la¥ad
yadurigudnatalssina 55-60 wTuiuns
(Shimotohno and Feinstone, 1997) itaziiaiulaon
Y4 (envelope) Tud it 1o niderusadues
Tsﬁﬁl“ﬁaﬁédﬁ1ﬂﬁ1ﬂ1ﬂ‘iﬁu(glyc0protein) 2 %A
fie E1 nag E2 veahhiaumsnoguuiivesnlden
HuAousBUT I nucleocapsid 101 13melueynn
BTunvos lhfmiiu RNA meRvuasuaouan
YuIANUENIYTZINY 9500 HandaTe'lngd (Choo
etal, 1991)
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amii1  pidveseymahiadusniay 3 neldndesganismiBidnaseu, scale bar 100 11 Tuwas
(419) (Shimotohno and Feinstone, 1997) oynn Tasan1olu HPBALL cells (¥31) (Major et al.,
2001)

: Envelope glycoprotein 2
Envelope glycoprotein 1

Envelope lipid
RNA genome

Capsid proteins

M 2 315 eseymn adudniey & (Anzola and Burgos, 2003)

g' —‘4——- structural —p» -€——+———  nonstructural —-—;FS'

W ¥ v ¥ el 4 3 L

5 8
|c[|E1][ E2 [2| 3 4B sa || 58

c: (=} -3 o o =1 Aé 1
a3 laseahet Tusves hiadudnay & dalsynoudiediu structural HATnonstructural proteins
gnilsznudae UTRs TulsAudignadradiu polyprotein 92gnda (cleavage) 1 1A Ta)sAunanss
¥q u.eia:ﬁmmiaqﬂﬁ’ﬂ (cleavage sites) é’f:nmau“lmﬂsimsﬁﬁﬁ'u: host cell signalases (W), NS2-3

proteinase (), NS3 proteinase (J), galunauriinves proteinase (V) (Bartenschlager and
Lohmann, 2000)
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BTunvos IsaAuoniay & i open-
reading frame (ORF) Usgnoudiosviadmiums
#3719 polyprotein ¥R 3011 nsaozd Tuminiy
(Wilber, 1999) ORF dwmsvadialysiuved§a
NUsENUAAIAUIDE (sequence) fifinunei
@4 (highly conserved) fialate suaz v lign
Llﬂa‘iﬁ'ﬁ"lﬂr‘fluiﬂiﬁuﬁﬂﬂ'h untranslated regions
(UTRs) dauiioei direct repeat gﬂﬂﬂﬂﬁ’]ﬂ%diﬁﬂ
anvaiziilu hairpin structure 11 (Tanji et al., 1995)
aAuueiune 5°-C, E1, E2/NSI, NS2, NS3,
NS4A, NS4B, NS5A, NS5B-3’ &1 ORF flezgninla
ser i Tals@unda 18 2 daw 1dud dauusn
Ts@uTnseade (structural protein) WuTsdu
Tassadumelueyninlda dszneudas C Ao
unlFa TusAwshmhiifluunlaveseynin
i awndnlnalallsdu 2 wiiade E1 uaz
E2 imihiifluesdilsenoveguuiaveseyma
Th¥a Taw E2 1oy 1ddy NS1 vesmndnlu
genus Flavivirus 10900 Tal5fu NSt Tyiwaly
oymin hhiadusniey & uazdaufiaeafo Talsiu
119 TAs9ar379 (nonstructural protein) 1§ Tl
fnuluwadiande udliwulueyninlada
Usgnoudie NS2 way NS4 sndhiuilu

=& 3 P
membrane-binding proteins %4 1% IHdUADUNITINY
974U NS3 ﬁﬂmﬁuﬁ’ﬁrﬂu protease/helicase 81
Nss finuaimidue lanforfioue Indmeisai
19 RNA 1Tuuiiuuy (RNA-dependent RNA
polymerase) (Shimotohno and Feinstone, 1997)

Ifadudniou 3 idasimsnaoingge
waziia ldifeunanad Tuy vSnafinuauals
ﬂsau15ﬂﬂﬂﬁﬂﬂ (hypervariable region) Ell;i@l‘ﬂ
daweziiluves E2/NSI audais 5°-UTR
Aoudnanedd (Wlawus weimuzuazane, 2540)

anulsls e Tusiifatuetusaadann
o amnsaunide hiafn/don llnndy
nfAadenuduafuiiinaidieiuld
(quasispecies) tidasa1n Tafaflensiugnssuilu
RNA a10u3n $1515lude107f0 viral RNA poly-
merase 71 bifinalnasaedeuanufianain (proof
reading mechanism) Tusznimsiiusaulay
M391809A7 (replication) 133 lomaranaalu
msdansizi RNA 18q4 (Diedrich, 2006) ¥ 14
oATINIINAIBAUTZIIN

msaineaslIaauaniay 4
nmsaneie hiadudniay & MldTlae
mhdfunsenateun 1asemueu lafyiiad
vt lumsauey gy aspartate
aminotransferase (AST) #1370 serum glutamic
oxaloacetic transminase (SGOT) 8% alanine
aminotransferase (ALT) %30 serum glutamic
pyruvic transaminase (SGPT) ¥99z00nin lunseua
denvasdihofusnauiitosnniviumlialy
sedufiganiifinuluddedusmauainaing
9u9 uazAs I MBUAUBAYTIA 1gG YBINTA
fiandsnuedlafafiFendt ant-HCV usiieann
"I.‘aé"rrﬁﬂmwmﬂﬂammaﬁuqﬂsm uaz hnds
wzidoalild smummwi‘j’ﬂwﬂmmmmuw
ag”lummmnumﬂu recombinant antigen F1417%
51|.s.aumwummum1ﬂ"lﬁﬁmuwuqmmnmq
Tlnneneugine Ismiuegiann ueufnuiv
810 iasaassanuueudved lugiela an
mmqﬁ?’iqﬁmsuﬁﬂtgm'ha‘h’ﬁfm'ma"lwﬁﬂ
nanfuite 1 Temaasaanuueudued ldun
$u lunsdifuournusianidsliauisod
wasanuneuAvedld woudwudug i
Temadazassony umsdiasoTsniuldns
A579M anti-HCV Tawlimizasiniuueudved
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Sn1seMIniiene LOUALDAABLDUAIUAINNA
J 1 o o e’t =1 =Y
Julunardiefiu dniumsiusualnuaIeria
i Tomaasamuuoudued ludilendinn
= o J = @ f @
19131815201 (Wlawus yidmuzuazaue,
2540) 539 1w lhlumsasnmingaiianaan
voeh¥aldgefe RT-PCR HiBTTMNTINIUATA
= aa X 4
12AA0N (nucleic acid amplification techniques) 44

' J a 1 C: ]
azdy8lunisaslrevnse lsalusiesiiaginlu
wulLouAUeAAD 15d (window period) (Gretch
et al., 1995)

=, 0 = L= - e
WIS NILWA anHiwzaINIINIIAaN
L2
nsaade hiadusney § duaumg W
ina saduUdMED & LULIRBUWAY (acute hepatitis C)
wazlsadudnay & uuwi3es (chronic hepatitis
o) wuhludiheidulsadudniay & wuudoy
waudovaz 50 e ldlunuuisess uas
gl Pr o o - Y Af s =1
Aihonidlulsadudmay & wiasesusiiloma
wann Tuidlu wed aiu 1889Feuay 20 (Di Bisceglie
etal, 1991) msAnda lafadudnry ¥ lszoy
AndrTaomnas 7 eyt eamsveslsnausniay
1 ¥
Wounduszadisndsiueimsninavinge sa
Fusnay ouaz 1 uaeimsninasin hiaauy
Sniary & sinfioms biguus wazuanda iuma
3/ 4 9 cid 9 ar
013 fihufevay 24 Mllaumgunainms lasy
e o = @
Aeaniiwedurziionmsnunaos dunaes wag
deonirfovaz10 formathefiguusdihediu
9 -t 3 1 = -
Yevvziionnis 4 Yaanzdy eeunds ouleu
9 o “ . a3
1aanee sEAU ALT luidenizgeviuetneiab
5 P Sk
HAZAAAIAL NIHAIDY] anti HCV INAVULALHIY
ﬂ - |=i dg [¥] o ng
wWhidnd usendluGese sefu ALT 229U 899
ar o M =) 1ot ! a 43
duduaninsedudou uaz'lill anti HCV ety
(W laus wedmusiazae, 2540) Msiia lsndy

SPAUIULTMITI (fulminant hepatitis ) Tudilg
wy'ldrieuun (Farci et al., 1991) uavndil il
pimsdanan szl lemaseadimionnilofiou
11 fulminant hepatitis A HazB m'sﬁmﬁ';as"mﬁu
senine Iasadusnery & uay higaudniey 1
szynlvi Tomandgerenisiiufulminant hepatitis
c lags dau“luﬁﬂauﬁtﬂuﬁuﬁﬂmmmuéa%ﬁ
wifS @iy ALT egluszduannAuazasie
wusenAtnuves hiaumni 6 weu Taedile
daulngjer huanaerns Wifusunseisze:
qathoitenamaes uasfihefidhumvzyes
Tsaffquainauyseiee liwy ant-HCVuazdl
sty ALT Un@ oamsvealsnezaoy q auiu
DU 9 VNTIWNUNDUIUD 20-30 T (Major
et al., 2001)

201NN
msaansvaalsanazmanalinlu
aunmaRstunsAaseves hiadusniaud fe
AARBNNI parenteral 19U NUADAVINNIABIADA
ﬁﬁLﬂd}}B'l’ﬁﬁﬂmﬁﬂuﬂQﬁ?ﬁ)mﬂ%mmwﬁﬂﬁiﬁﬂﬁﬂ
iy Taviiderzuluduianmiomsdna
$19n10 MIAadeMaMAFURUT Tndngiunms
Aanovedlsads ludsuaudarin nisaadoain
A3AIFNITN N perinatal HID vertical transmis-
sion maAnu R lasadusnieu & Hasa
neade hiannusagmsnldfosuin Sad
'hi’msﬁaff%zqa%'ﬁagﬂumma Flaviviridae ¥4
aﬂunﬁjuﬁﬁmmwiﬂs:mm%ﬂﬂﬂﬁunmﬁju
sy Tialdideason uazlrialdmaes
(yellow fever virus) fif} g4 Huwme udesials
Lo lununsaufsadestunmsdionena
Tsasusnay & Tasuuas (Wilber, 1999)
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A: Acule Hepatilis C

WO ¥ & o e = s - - - - HCV RNA
B0OO
o
= 600 Anti-HCV
= 5 1
< 40 Symptoms
200
oE===" “Normal " S —
Uhbg: v qolgesg 100 12 2O i aTsy g Tging
Wecks Years

Time after exposure

B: Chronic Hepatitis C

L5400 TN O S AL + + - + + HCV RNA
8OO
i |
= 600 -
ot
'—(I 400
200 +
0- £ orm; "' ‘ :3:1:.71‘--'I?:?:1:'[
02 4 88 W 1z 2. 584856
Weeks Years

Time after exposure

AMA4 AR markers u.avﬁ’ﬂum.,ﬁwu"lﬁ"luﬁﬂ'wkﬂ"lﬁ'aﬁué'ﬂmu % uUUREUWAY NuNTsEay
ALT 'lmaaﬂﬂwgmuaummmummmmmnwu RNA 041514 Tusag 2-12 dlansd
aNIAAED LnzABY NN anti HCV (Finiy m“lw"!ummmmwwu RNA v03 125 uaz
Atherzmenineinisveslsa (a) lugthelsalasadusnay & wuudessesisnudsu ALT
agluszdvAmlnfuazasanuieudnuves himnuni 6 Wou ndwinfeoimafoundu
HAZAINITOATIIND anti HCV oz RNA vodhialudsudie 8) (Major et al., 2001)
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Hogiiufindnasaildsnu udihe
Susmiay & wfiadessie Sumedieseu (nter-
feron) Wu31n13 19 Buaefieseusauiuen
Sulsenu 15013y (Ribavirin) Fuduoriid
Tﬂﬂﬂ%’wﬂé’wﬁummﬁm guanosine (guanosine
analog) vz 1Akamssnu@nilasnuiimslin
faosestadunaniios 6 Weuannsnilime
vinsnlsnldsedenas 50 o1ii185uns
sanuifoululszmaemigeminwda daunis
s ludiledusmmuaiiaifounanld3sinm
AeINS (M lawus Wriauzuazauz, 2540)

msilasnuuaznisaruas

' "
=t

msaruauuazfesiulsanangaly
o . L) :‘l = ; o
flagifufe mInsnAansesnguiedaie lia
Fusniay & Taomsnsi9m anti -HCV TuTadia
ci.u = v F R é L] (")
Fruuiondeulidile Fwzavaiuguilesiy
L] ; L) o i 4
Tildiweunsnszawllfnanaguld ieann
W " ¥
yaz g hiifadui1flumsdosfiulsai i
M3 (Major et al., 2001)

Gt

Tadusniey & Wulhiaiiduamg
saelsnadusniauuasAnne 14 Taomsteideamy
@oatuiy Tdadusnay 1 uailofinuiesd
Usznepvesasiugnssumelueymaliiauda
wuhuanaaiu Tashiadusnay & Densug
nssuiiii RNA vzt lasadusnieny 1 fasiug
nssuiiu DNA 393 13Tunseqa Flaviviridae 1182
Hepadnaviridae A11a 1A donade iy
¥ é’ﬂwﬁiammﬂuTmﬁué’mﬁuuuméa‘?a
1883ovaz 50 uaz Hlemaiann Uiy ueda
v 188 Zovas 20 uaziilowninds hiniadulun
Hosfu'ladawiind uaslavadianuulsdsn

W
Apudhann dniumsaAnauRufrHiade ve9
A’l’ o o o =2 L4 o
Fosusmay & Juiuasz Texilunmiswann
o
Jazulaluouing
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iiﬁqmumm:ag:ti'luﬁﬂmuaﬁwi
There are infinitely many primes
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oon'lyl 7wy Taof 6 uuunsn 148G vuiSuann Aigner and Ziegler (2003) WAZLUUEANIEH 1IN Larson
(1983)
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4 "y S ' z g
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N={L28:.}
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(lonization Energy Calculation of Peptide Nucleic Acids
Using Quantum Chemistry)
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oyrroliding nazBaduudiduedinlaseaanuuvnuuazyinuaau MENUATIAIBUAN STAUMS
fnaf HE/6-316* Tasodenguiuesgniud wuiwmﬂ' pyrrolidinyl ¥ 1¥nasnuleee lurduves
mog o ue- Adueritutn 02 uaz 0.5 eV Amiviidue-Adueif Tasserhanuuvnuasiuuuin
aumussy denfFeufsuiuinundnvesfidue uanmnuaqwmmammwﬂmfnﬂaﬂumﬁm‘:q
aanmsauqaﬁﬂ*awaaﬂmtmuwaamﬁmuuﬁmmmuﬁmuu NasTndu uazazogfinumisreaun
prdtiudminguaszativ-niu Iﬂu"luﬂuunu:nmamﬁamag‘lumwmwmummaﬂmum uazd M
TuLaQammﬂmwmmmuu"1m]'a"lumumaaﬁwmaumawummﬂmmwmeumﬂﬁsmm 0.4-0.7 eV
ﬁa&u%m;ﬂ"lﬁ'imnuwﬁ'ﬂ pyrrolidinyl fnavh i Tewafianuadesdemsgnesnd laduinat
iU EnuesREe uasiiswe i Inssaanurnuauginuadesinnanhlassai iy

Abstract

The ionization energy (IE) of a novel pyrrolidinyl peptide nucleic acid (PNA) binding to DNA for
both parallel and antiparallel orientations have been calculated using quantum chemistry HF/6-31G* method
based on Koopmans® theorem. As a result, pyrrolidinyl groups increase the IEs of PNA-DNA duplexes about
0.2 and 0.5 eV for parallel and antiparallel fashion, respectively, compared to the DNA backbone. In each
duplex, the highest occupied molecular orbital always locates at guanine and adenine bases for guanine-
cytosine and adenine-thymine base pairs, respectively, independent of their backbones. The IEs of single PNA
strands are larger about 0.4-0.7 eV than those of the corresponding single DNA strands. Consequently, the
pyrrolidinyl backbones stabilize nucleobases in the view point of oxidation and the antiparallel system is more

stable than the parallel orientation.

sadde:  waso oo luadu, Midue, Adwe, inlinsud, msoeloudianasouy

Keywords: Ionization energy, PNA, DNA, Quantum chemistry, Electron transfer
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UNKI

Wuiinswiuihnsedeendls Tuinasn
(deoxyribonucleic acid) W3 0AIBUD (DNA) Huas
sugnssuitiamd W dalivin deunthiild
ImsAnnfusininunaiefunalnmsde
Tourszy (charge transfer) W3amsoioloudidn
A5 (electron transfer) W eNEuDAIE 1D T D
anudlaienalnficefiuegnihalsninms
preandlad Feeniinai Iaadaonieernida
msnmwiug wenvnfinaudhlonalngand
daianudAyAensseuNIAZS N ITERIBY
19 (Amitage 1998, Burrows and Muller 1998) 5734
famsdsegnd ldse Teninnfidue 19
oUnsafdi8n Tnsiinduu1a59 (nanoelectronic
device) (Fox 1999) tazg1lnsains 19 dumsann
(biosensor device) (Listdat et al. 1999) i1iug

myaeTeutlszgdinavzieadeadu
AuaNifivesdianasouveInIAiiInaen Na1afe
msfisinaseuszaioTounnuadani s
wadsy  oualuiifinuiedeindTewe
(nucleobase) ﬁl:dﬁ‘tfﬁﬂiumﬂﬁlgmﬂ 1aun fafiu
(guanine, G) oAU (adenine, A) Ty Iy
(cytosine, C) uag Iniiy (thymine, T)) ﬁ:i’fuﬁ'v
HAR U8R INA991U 1000 Tuiwdu (ionization
energy) 3EMAIATOEDY INMISNARBII Y
Wou§UANT (Hush and Cheung 1975) Hazms
AUIUNNNGYT (Brunaud et al. 2002) WU7
wisoulooe lumduimamasugel sty <
azaiu < loTndu < Influ Taofimiuseiia
wiaa lee lusdusnhezaiulszang 0.4
eV (1 eV =23.1 keal/mol) Hazaiinn o Indvuuay
Tnfutlszana 1 eV FamnumnTuuosmmdany
Tooa luwduili s ddiduegnosn

agy lad (Aadhurlszquan) idumislan Hefiga
a g A = | @ o A
udrdidnaseusznasuininmiiulfdumei
= s A o o 1 u‘: =
gneond ladmevhlddwminiuiilszgdunans
wazm Withuiaduuaalosouiaiiu G unu
nnnalnmsaieTeutlszgniodwToudidnaseu
Hzannsod ligmssenuyumediduieiil
o o A o
fduuanwaeints erhllidszynd 14
YszTomidanandredy edialsiow Tamdn
é i
Uszmsnilvesdidwendeilymluiennu
= ] o el oo =
desveluanadoue Tauia lUAduesdl
mwmﬁuw?ammnmx‘amm%’au (thermal
stability) Aouded Tawvziien T szanm 20~
I
50 °C muwﬂgﬂuamumﬁ"lumnmﬂum
(Wittung et al. 1994) (thermal melting temperature
] = as o £
U3 T wuedsgangiinmvaisidszney
o o ot ] ar &
MU 50% uandanseuensonaini Fuily
Asiiannuadiosvesisilszneusmanfioue)
W
Tugaedundithnig 1dfimsdunsizd
=1 = |¢¥ P
Tuanamnmastialviuan Tasmsn/asuudas
ar a oo =
UAUYAN (backbone) Y84 luanadD uBLAZIS BN
a
Tuanariiafinn “nsanli/Indiiandan (peptide
nucleic acid)” n3ofituIe (PNA) Midwodiunsa
mﬂaafm"lﬂmﬂﬂmmummuﬂaﬂmﬂuwu
u1maﬂaEJnq:'l‘s'['.uffuawwuﬂamﬂmaamﬂmau
wodomjeziiTu Falauialozdofudaony
N-(2-amino-ethyl)-glycine (Nielsen et al. 1991)
Atz 1n uag 19 AduweRduas Iz
4’ ﬂly = & w =] ¥ e a4 -
YullmnsandadvniehgduAiduedn
3 !
meviaiaduTuanamod (double strand) ves
= o = o & A g =
Wowe-ADWe (MIBadunTemsitngnanetanis
sl s Atd i o
fvamiivvesmenidaduiuela Induves
= ) oo = 4 o o
onaw wislwaezAtuveImunistaTuiuwe
Influvednamodoiuse lalasion)
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r— —| e — Jra—- A—
Lot 0 0
O—F:—O J\\ Base Base
1 —wé N
o} N
Base <— 5 o "
N N"N\
0]

L | dn L dn M dn

(M) ()

- Y a = ' ' = od eod e a1 o8 ﬁ '
31]“ 1 Tﬂﬂ‘ﬂ'ﬁ1»WI'Nkﬂll‘llﬂd‘llt)dﬂuﬁﬂu’wﬂﬂﬂ‘uﬂd (ﬂ) ALDUID ('ﬂ) WU NULAUUANADNY 'Rfﬁuv

N-(2-amino-ethyl)-glycine tag (A) MuNLuAUManTuWY pyrrolidinyl

snmsAns e dumsitguauia
anhadue nanfewalumefidueiinnm
sumzmzaslumsdentuggann mlimstug
vouad Temafawmatosnilefuiuae
A1dUI (Egholm etal. 1993) uaﬂmﬂﬁﬂmmumg
Womaduilunyiiflszqaulufiduodaony
axﬁIuﬁyﬁﬂﬁﬁaé‘mmﬂﬂmmﬁﬁ"l:iﬁﬂs:mﬂu
au mr«m“l‘nImaf;afrwmmmmum Adueiius
HansEHINAUTDY muumnmmwmma DY
lefinnuatesinanhmoguosdidue-Aloue
Taoiin s 11NN 50 °C (Egholm et al. 1993,
Wittung et " 1994) uONIINHTIMUT msmﬂ
vosmefidueuariueaziiuly 18wy
vu (parallel) Tawfiaredn N vesiiduiodng
fudatdiu 5”7 veAduD uazHULYHIUAIN
(antiparallel) Faadm N vosiidwerdhgiy
Uaedu 37 vofdue 1azINMIANEIAY
dvsaonnuion nuhmegiidue-Aoue
fifi Tassadruuvauianuafesnini
Tasear1auuuYUIM (Egholm et al. 1993, Wittung
et al. 1994) o hhmant 8Smsduns e de
witaluiTasfiunundaniduny pyrrolidinyl
(Vilaivan and Lowe, 2002) AI9LLa ﬂﬂugﬂ'ﬁ 19 uag

. - | = Id’ = 1 9
wuNNRueyha InitiauatesaonIuTou
t ad = [ i
AN NAIB BT N-(2-amino-ethyl)-glycine 1iu

UAURAN

MnuaniAnuvesfitldueding

¥
Ml ludagiuiifimsfnuinisdszyndly
Usz Temiann Mdueetianieung ieiieg 1
a o ) ot da o - -
unuAlBuedmiuglnsaiaanInsiinduinaia
uazgUnsaiasndumeinmasnandadu sau
v
faldlumssnu lsamaiugnssulasnmsduds
v ] [ =
MINOATHAVDIOU (inhibition of transcription) &4
o o da o Ad o @ -
Mm@ Tasmsdunsigifdueniaauuan
i 1 e o = o 1
mangauie IidhgfuRidwen idwue i

) o . i 4
NS OFUATIZHOT5 DD (ribonucleic acid, RNA)
3 =1 & A o e d e
14 uazdamaniisfemsdunsignniduenl
o w - & a Y Y 1o & o o5 9
avuaimngauis Iidhgiueisdwe Ml
=3 ] o o ]

o151 ue luasaduanizv lusduas 114
(inhibition of translation %30 anti-sense) UONVINT

=1 ar o
fvwedenngnyi 1 lumana TuTagsnm
(biotechnology) M3A3VINIRANWAALUNAV

iy . . = 2
81U (screening for genetic mutation) saudeldlu

msasantuaduualufiBue (sequence-specific
biosensor) iuAY (Nielsen 2001, Ray and Nordén
2000)
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A & - a )
woiludoyaiugudueziirligms
2 Q@ 1 A
Uszgnaldilsz Tominnfidue Sesuiluediab
- s oo o =
RzAnguaniRvesidue luszd Tuana
a et - s o A o
Tunfinuiedanasaiuless lutwyudiiniiy
w o dos ' - ¥
duiusnumsniToudszqluaeibue adls
Ay awndadeladuadeyanunds lifinms
&t o a a/ =
Anvunerfunaanu leos luaduyssfidue
¥
driuamdsendadumsannuaindinuless
¥ a - o o - S =
lufuysafitowe lasedusiisuiITnaunll
AI0UAY (quantum chemistry) 1AUIABNANY)
- e ) 1 H
wmumﬂmmuﬂamﬂuﬁg pyrrolidinyl (3U% 1)
NS IZRANUADUTUINAININUNAN N-(2-amino-

ethyl)-glycine

o e o
IDNIIATWNIAITH
= oo al* 9=t o ol
el lafAnewa s leos luasdu
voeTuanafinmiidue-Alduaniasium
¥
1 f 5IUNINUA 8 325UV 1AL pA-dT, pT-dA, pG-
] ¥
dC uaz pC-dG Nil TaseadananuvuiuLay
aer < o d ke
yuwaan (ludid p ﬂmu'mwuaul.aﬂnwy,
pyrrohdmy] t'i'flmmuﬁaﬂuam d nmnmmaum‘n
mummmmmﬂamﬂm‘i'fluuﬂuﬁaﬂ) wenING
da1aAnu Tuanamogvesdiduie-Aduodn 2
¥ ¥
' o A A
seuv 18un dA-dT uay dG-dc Matiedums
=4 o - oo = d
SousunuTuanaNidue-Aloue
A 1 i:' lﬂ’l fed
iinsnnfiduen 4fnui il Tasead
@
nfadiend (X-rays) Aaiudedesasialuana
s o u’.: - ° '
YBINBUIBINIT 8 21U TauiTuaImiimogues
Adue-Abweifiguaamdosmsuiiiuluana
¥ ¥ i W
Auuuy ninduinisnlasunlaaajiaanag
A o L)
Woemasuiunnundnvesdiduelfifuny
" o
pyrrolidinyl Taemsil@ounazozaou (one-to-one
- o n.: o d' d’ L
mapping) H8a91n1u Tuana it 1411 luamamm
Tnssardreafosfiqe (optimization) A2635 8130
3-vlond Tauldiwmyagueiin 6-31G*(HF/6-31G*)

Fuduszdorimaniinouduile18Tassadre
fiadosvoandayszuuudahlUmurama
wasauloos luisduda033 HF/6-31G* 13U
Gy winleos lumsuiivzduwdamloos
Tugdudidud 1 Fan1dTavodenquiveq
ﬂwmuﬁ' (Koopmans® theorem) ﬁnﬁn'imﬁ'auu
oo luaduvesezasunie Tuanala q A
fundaauvesoesiiafisidnaseungaeonin
Fntundsalese Tumduddui 1 veaTuana

B

fanufwdiudmdsnuvesess D Tuana
ﬁﬁmsmﬂ;ﬁﬁﬂquqqﬂ (Highest Occupied
Molecular Orbital, HOMO) ﬁﬁ'amnﬁﬁmam
wivuloos luduvesTuanameg px-ay,
pY-dX Llag
waz T) nnviudnamdenuless luaduves
Tuanamuifen pX, pY, dX uaz dY §26356anan

heduTaoldlnssaaadosveaTuanamogiiug

dX-dY (1318 X 18z Y Huwia G, C, A

msatanuaimuiaTasldTlsunsy
GAMESS version Sep. 7 2006 (Schmidt et al. 1993)
UMIAT8Y PC Linux cluster 171152 2.2 GHz #inn
Jyuall auzinsmnans a1 Inodoveuuny

HanIInaaadg

Taanamesg

ASAMUIUNGIU 1000 TuiwFuues
Tuanamogidue-aAdue uazdidue-Aduwe
T3 HF/6-31G* 1dnadanaasluaisiaii 1
Tuanadidwe-Adwelnmas looe luwdu
MY 7.19 Uag 7.87 eV 15U dG-dC 1ay dA-
dT muddy Wufe dA-dT findwnlesslu
[ EuIINT1 dG-dC Uszanmt 0.7 eV Fawams
M 14 aoandouiiuedredfumafis ey
1a8 Brunaud Haznae (Brunaud et al. 2002)
Afudeds HF/6-31G* Wudeifuandied
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dmivTwanamegiidue-fidue
wud Inssadauuuvuingn lees lusdu
BYIENIN 7.36-8.25 eV oz Insaairauuuvmny
muiinasnu leos lumduegszning 7.48-8.44
eV (M3 1) Lﬁmﬂ‘%‘umﬁﬂvﬁuinsaqaﬁxﬁum-
AdvewuIMIUNED pyrrolidinyl Tralfifide
findaanloos luadwituiy sndetusy o
wasuiaunundnin dg-dc Ty pG-dC
wuiwda leoe luadniniunn 7,19 v fu

o o & o q' d.”
WULVUIUEIUANENY Fawamsauaui 1ad
Wuauderfumsndennn da-dT fu pa-dT
130 pT-dA Vuuaaa U NuNUNEN pyrrolidiny]
599 o o ~od aod Ao
mivindsansloos luduluiiduo-Adueiil
Tassadeuvuvuinaamiuiuuinndlu

1 o & L
Tassardauuuvu vienadmionilsiTuana
' o
Mogidwe-Auen VI AIUIZYNBDN
o 1 3 ' LY =
dlad ldeinniilaseafiauuuuniusaud
Tuianafdue-AIdUBAIY

7.56 1ag 7.76 eV g s u Ins a1 uuvuILILas

: o ) tet of =] o
mseh 1 s lees Tuaduvesmogfidue-Aidue uazfiduio-aiue

3 wisnwlesoluady’  mashavianlese st
e (eV) (eV)
ABuD-AB e
dG-dC 7.19 (7.2) 0.00
dA-dT 7.87 (7.9) 0.68
WOUD-AIBUID MUVYIL)
pC-dG 7.36 0.00
pG-dC 7.56 0.20
pA-dT 8.25 0.89
pT-dA 8.02 0.66
WS D-ABUD MUVYUIUEI)
pC-dG 7.48 0.00
pG-dC 7.76 0.28
pA-dT 8.4 0.96
pT-dA 8.12 0.64

T Amaanu leos luaduluraudu 1dsnena1381984 (Brunaud et al, 2002)

"si‘luwasiwﬁnﬂ?amﬁﬁuﬁ'uwéi’wu"laaa'lmcm?’ummmuﬁ dG-dc dwmiuszuuiiudidue-Adue

wazaog pC-dG dmsuszuuiduiidue-Adwe luszuudniy
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wennniieuimasnuloos luidy
499 pC-dG HAINT190e pG-dC Uszam 0.2 eV
wazndanulooo lusduves pT-da fawnd
¥4 pA-dT U5zaa 0.3 eV uaaaliiuinuana
flundeszafiufioglumemidumeszdamasny
looe lumdusniniosglumoiidue uaz
iieanaivafiiulismasulose lumdu
dndr s Tndu nazeraiudmamnilniiu g
aidoalusiadosati) suiuamnsoag 18 ile

Twianameg pG-dC 1Az pC-dG gneend lad

SiEnnsouszngaoonuazifaiiulszquani
duvyaveanaiiu  Tumusa@eaduilszquan
siRefdezATiunile pA-dT uaz pT-dA gneen
Flod doapilamnsodusuldlasnsingen
dunuIved0iiina HOMO wodluanamug
Fuaaslugilit 2 Fazriuhlunsdiguaiiiv-
Ty TnGuvpaRe pG-dC uaz pC-dG oosina
HOMO szagiisimisveauaiadiu uazlunsdl
vosgiuaezailu-Tniiuesitiia HOMO oy
Fumisvesesdiiy vienandnisnilahidmiy
Aalan eoiDia HOMO 2 ag’ﬁﬁumﬁweama
muwmqm"laaﬂ"lmm‘mﬂm'n‘IﬂrJ"lwuagnu'n
waiuszeylumwvesidueniodiduie
‘Imaqammﬁm
msmuasndsnyless lurduves
Twanamuides Tagldlnseadiaadiosan
Tuanames szuiinguuesTumnasenidlu 5
ngu Idun muiduavesdid e Smam 3 ngu (Jou

4 4
unudIs dX 1ile X vinene G, C. A uaz T) 1A

winTanameguesdidue-Adue fidue-Aidwe
(UUUYHIY) HAZADWID-ADIE (UTTHIHAIY)
LAz EUIRLIVeIIB MBS INIY 2 NaY (Fouuny
&0 px) 1180 nTuanamoguesfiduie-Adwe
(UUVVUTH) 1D NBUIB-ADUIB(HUUYU A IY)
mamssnamanlumnd 2 Famuhdmsy
aoagavesdidued 1danTuianamog

nndsznnazdiamdsan loos e liuansis
fu runasauloos lusduued dA Banlszun
8.1 eV lunnszuy umwmuu"lﬂaﬂ"lumu
2w B oM UEIRURT dG < dA < dC < dT #9
deandosfunaianyilne Brunaud HAzANE
(Brunaud et al. 2002)

Fvsumonidue WuduAaz YA
sxfndsanylooe luaduannniamefidue
U323 0.4-0.7 eV una s looe luduues
dC uag pC HAlzanm 8.7 1ag 9.2 eV Mua Ry
(mﬁu%uﬂﬁ:mm 0.5 eV) wenIINTISIN ey
fdwefn Iassadruuvinuauziindany
"lmaa‘lumumﬂmflﬂimsmmwmu 961413
oy "lu'Imafmmmﬂmummnan HAA1UDY
waae lose luaduvewdazumilefiouiy
ﬁ":ﬁu’luncjmfuq weiidnoudhand nanfe
miunindsanleoe Tuesduandwe s Tndu
pzdtiu  uazInfuilszana 1.1, 0.4 uay 1.4 eV
muady nnfindnundatheduimanelou
si@naseuninuaganiisldauadadanils
i‘fuagnuwamawmqm"lana"lmcwwmmﬁ
Faer Fuiusemuisoagdldinmsdielon
sianaseulumeiidue luunndsnmedioue

gyluazdonsol
nHamIsuwdny lees lumdy
vosTuanadnmilidueuazfibue wuhiiowe
frmasalose luaHunnnhdidue Fagl
& uinunan pyrrolidinyl veaiduevzinar i
fhnaTewadinnudumusensgnesnd lad 18
fntunundnuesdidue uardmsuguaiatiu-
'l Tndu wivordtiufuiniu wegnoondlad
sifimlszquanfiuamiiuuioesdtiuave Tas
Lidusuihwasaesiieglumovesfiduionso
AdUI
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= o o a2 ad = d -
maef 2 waenulese lusduves TuanameRefduenazidue 1ldnnlassadnvedluana
= -] o 1o a d
mogaldue-Anwe wazdegiioue-Anue

(v = [ v
wasu leon liavy namandanylooe i’

EEATHY
(eV) (eV)
Aldue-Ad D
dG 7.69 (7.7) 0.00
dC 8.73 (8.8) 1.04
dA 8.10 (8.2) 0.41
dT 9.03 (9.2) 1.34
idue-Adue MuYYUIY)
dG 7.69 0.00
dc 8.72 1.03
dA 8.09 0.40
dT 9.03 1.34
pG 8.08 0.39
pC 921 1.52
pA 8.49 0.80
pT 9.48 1.79
O UB-AB D (VYU IUAIY)
dG 7.70 0.00
dc 8.72 1.02
dA 8.10 0.40
dT 9.03 1.33
pG 8.30 0.60
pC 9.44 1.74
pA 8.70 1.00
pT 9.69 1.99

T s leeslumsulunduidonenandiass (Brunaud et al. 2002)
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Abstract

Five flavonoids (1-5) have been isolated from the rhizomes of Kaempferia parviflora and their
structures were identified on the basis of spectral data. Among these, 5,7-dimethoxyflavone (1) exhibited
antifungal activity against Candida albicans with an ICSO value of 19.98 LLg/ml and antimycobacterial activity
with a MIC value of 50 Llg/ml. However, none of the isolated compounds showed antiplasmodial activity and
cytotoxicity against KB, BC and NCI-H187 cell lines. This is the first report of the isolation of compounds

3-5 from this plant.
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Introduction

Kaempferia parviflora (Zingiberaceae),
known in Thai as “Kra-Chai-Dam” and formerly
known as Boesenbergia pandurata black rhizome,
has been widely used as a health-promoting herb and
for the treatment of anti-gastrointestinal disorders.
In Thailand, a commercial tonic drink made from K.
parviflora thizomes has been believed to relieve
impotent symptoms. In our previous report on this
plant, nine flavonoids were isolated and evaluated
for their biological activities (Yenjai et al., 2004). In
continuation of our research on this plant, we now
report the isolation, identification and some biological

evaluation of five additional flavonoids.

Materials and Methods

General Experimental Procedures

Column chromatography was carried out
onsilica gel 60 (0.040-0.063 mm). NMR spectra were
recorded in CDClstMSO-dﬁ on a Varian Mercury
Plus 400 spectrometer, using residual CHCL, (07.26)
and DMSO (O 2.50) as an internal standard. IR
spectra were carried out on a Tensor 27 Bruker
(OPUS version 4) or Perkin-Elmer Spectrum One
spectrophotometers. ESI-TOF mass spectra were
obtained from a Micromass LCT mass spectrometer,
and the lock mass calibration was applied for the
determination of the accurate mass. Melting points
were determined using a Gallenkamp melting point
apparatus and were uncorrected.

Plant material

Fresh rhizomes of K. parviflora were
collected from Loei province, Thailand in May 2003.
Plant specimen was verified by Dr. Varima

Wongpanich, Faculty of Pharmaceutical Sciences,

Khon Kaen University. A voucher specimen (CY
4303) has been deposited at the herbarium of the
Faculty of Pharmaceutical Sciences, Khon Kaen
University.

Extraction and isolation

Dried rhizome powder of K. parviflora
(1 kg) was macerated twice with (3}{2C12 (3 L) at
room temperature for three days and the solvent was
removed in vacuo to give a CH Cl, extract (54 2).
Then, a portion of this extract (30 g) was subjected
to column chromatography on silica gel (300 g) and
subsequently eluted with gradient of three solvents
(hexane, CH2(312 and MeOH) by gradually increasing
the polarity of eluting solvent system. The eluates
were collected and examined by TLC resulting in 35
groups of eluting fractions. Further chromatographic
separation of fractions 28, 30 and 31 eluting with
hexane-EtOAc gradient yielded 5,7-dimethoxyflavone
(1, 123 mg), 3,5,7,3’,4’-pentamethoxyflav0nc (2,38
mg), and 5,3’—dihydroxy-B,7,4’—trimethoxyﬂavonc
(3, 15 mg), respectively. Similarly, fraction 33 was
chromatographed using EtOAc-MeOH as eluting
solvent to give 5 subfractions. Subfractions 2 and 5
were separately rechromatographed using EtOAc-
MeOH and CH2C12-CHJCN as eluting solvents to
afford S,4’-dihydroxy-?-mcthoxyﬂavone (4, 7 mg)
and 4’-hydr0xy-5,7-dimeth0xyﬂavone (5, 4 mg),
respectively.

Compound 1: colorless crystals (CH Cl -
hexane): m.p. 150.8-151.0 °C; IR(KBr) 1 1644,
1605, 1351, 1164 cm''; 'H NMR (CDCl,, 400 MHz)
$3.90 (3H,s,0CH ), 3.94 (3H, s, OCH)), 6.37 (1H,
d, J =22 Hz, H-6), 6.56 (1H, d, J = 2.2 Hz, H-8),
6.67 (1H, s, H-3), 7.49 (3H, m, Ar-H), 7.86 (2H, m,
Ar-H); "C NMR (CDC_, 100 MHz) 8 55.7 (OCH,),
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363 (OCH), 92.9 (C-8), 96.2 (C-6), 109.1 (C-3),
9.4 (C-10), 1259 (C-27), 1289 (C-3'), 131.1 (C-
<) 1316 (C-17), 159.9 (C-9), 160.7 (C-2), 161.0
C-5), 164.1 (C-7), 177.5 (C-4); ESI-TOF MS m/z
283 [M+1]".
Compound 2: colorless crystals (CH1C12-
sexane): mp. 156.0-156.5 °C; IR(KBr) I 1625,
1604, 1163 cm™; 'H NMR (CDCI,, 400 MHz) 8
3.86 (3H,5,0CH ), 3.89 (3H, 5, OCH,), 3.95 (9H, 5,
OCH ), 6.33 (1H, d,J= 1.8 Hz, H-6), 6.49 (1H. d, J
= 1.8 Hz, H-8), 6.97 (1H, d, J = 8.8 Hz, H-5'), 7.73
(2H, m, H-2',6"); “C NMR (CDCI, 100 MHz) 855.7
(OCH,), 55.9 (OCH,), 56.0 (OCH), 56.4 (OCH),
59.9 (OCH), 92.4 (C-8), 95.7 (C-6), 109.5 (C-10),
110.8 (C-57), 111.3 (€2, 121.6 (C-6)), 123.4
(C-17),141.2(C-3), 148.7(C-3"), 150.8 (C-4"), 152.6
(C-2), 158.8 (C-9), 161.0 (C-5), 163.9 (C-7), 174.0
(C-4); ESI-TOF MS m/z 373 [M+1]".
Compound 3: colorless crystals (CH:CIz'
MeOH): m.p. 175.0-176.0 °C; IR(KBr) { 3399,
1650, 1593, 1497, 1159 em’; 'H NMR (DMSO-d,
400 MHz) 03.80 (3H, 5, OCH.), 3.82 (3H, 5, OCH,),
3.90 (3H, 5, OCH ), 6.23 (1H, d, J = 2.2 Hz, H-6),
6.41 (1H, d, J= 2.2 Hz, H-8), 6.92 (1H, d, J = 8.7
Hz, H-5'), 7.56 (1H, dd, J = 8.7, 2.2 Hz, H-6"), 7.61
(1H, d, J=2.2 Hz, H-2"); "C NMR (DMSO-d,, 100
MHz) O 55.5 (2xOCH)), 59.7 (OCH ), 91.7 (C-8),
97.4 (C-6), 105.4 (C-10), 110.9 (C-3"), 115.0 (C-
2", 120.4 (C-6"), 122.4 (C-17), 138.3 (C-3), 146.1
(C-3"),149.9 (C-4"), 155.7(C-2), 156.3 (C-9), 161.3
(C-5), 165.0 (C-7), 178.3 (C-4); ESI-TOF MS m/z
345 [M+1]".
Compound 4: colorless crystals (CHzCl{
MeOH): m.p. 293.0-294.0 °C; IR(KBr) { 3277,
1667, 1605, 1590, 1501, 1377 cm™; 'H NMR

(DMSO-d , 400 MHz) § 3.89 (3H, s, OCH)), 6.33
(1H, d, J=2.2 Hz, H-6), 6.55 (1H, d,J=2.2 Hz, H-
8), 6.60 (1H, s, H-3), 6.94 (2H, d, J = 9.0 Hz, H-
3.5, 7.81 (2H, d, J = 9.0 Hz, H-2'6); "C NMR
(DMSO-d , 100 MHz) § 55.9 (OCH, ), 92.5 (C-8),
98.1 (C-6), 103.4 (C-3), 105.3 (C-10), 116.3 (C-
3 ,5)), 1216 (C-17), 1284 (C2'6"), 157.7 (C-9),
161.6 (C-4"), 161.8 (C-5), 164.6 (C-2), 165.4 (C-7),
182.3 (C-4); ESI-TOF MS m/z 285 [M+1]",

Compound 5: colorless crystals (CH2C12~
MeOH): m.p. 289.0-290.0 °C; IR(KBr) { 3435,
2920, 1608, 1414, 1384 cm™; 'H NMR (DMSO-d,,
400 MHz) §3.79 (3H,s, OCH), 3.86 (3H,s,0CH ),
6.46 (1H, d, J=2.0 Hz, H-6), 6.52 (1H, 5, H-3), 6.81
(1H,d,J=2.0 Hz, H-8), 6.87 (2H, d, J=8.7 Hz, H-
35", 7.82 (2H, d, J = 8.7 Hz, H-2'6); "C NMR
(DMSO-d , 100 MHz) d61.1 (OCH ), 61.2 (OCH)),
98.5 (C-8), 101.3 (C-6), 110.9 (C-3), 113.4 (C-10),
121.3(c3",5)),125.6(C-1),133.0(C2".6), 1643
(C-5), 1654 (C-4’), 165.6 (C-2), 166.9 (C-9), 168.8
(C-7), 180.9 (C-4); ESI-TOF MS m/z 321.0737
[M+Na]  (caled for C”HMO$+Na, 321.0739).

Bioassay

Antimalarial Assay. Antimalarial activity
was performed against Plasmodium falciparum (K1,
multidrug resistant strain) which was cultured
continuously according to the method of Trager and
Jensen (1976). Quantitative assessment of antima-
larial activity in vitro was determined by means of
the microdilution radioisotope technique based on
the method described by Desjardins et al. (1979).
The inhibitory concentration (ICm) represents the
concentration that causes 50% reduction in parasite
growth as indicated by the in vitro uptake of ['H]
hypoxanthine by P. falciparum. The standard

compound was artemisinin.
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Antifungal Assay. The antifungal activity
was assessed against Candida albicans using method
modified from the soluble formazan assay (Scudiero
et al., 1988). The number of living cells was deter-
mined by measuring the absorbance of 2,3-bis
(2—methoxy-4-nitro-S-sulfophenyl)—S-
[(phenylamino)carbonyl]-ZH—tetrazolium hydroxide
(XTT) formazan at 450 nm. The standard drug was
amphotericin B.

Antimycobacterial Assay. The antimyco
bacterial activity was assessed against Mycobacte-
rium tuberculosis H”Ra using the Microplate Alamar
Blue Assay (MABA) (Collins and Franzblau, 1997).
The standard drugs, isoniazid and kanamycin
sulfate, were used as the reference compounds.

Cytotoxicity Assay. Cytotoxicity assay
against human epidermoid carcinoma (KB), human
breast cancer cells (BC) and human small cell lung
cancer (NCI-H187) cell lines were performed
employing the colorimetric method (Skehan et al.,
1990). Ellipticine was included as a reference

substance.

Results and Discussion

Chromatographic separation of the CH}CI2
extract of the rhizomes of K. parviflora gave five
flavonoids, 5,7-dimethoxyflavone (1) (Jaipetchetal.,
1983), 3,5,?,3’,4’-pcntamcthoxyﬂavone (2)
(Herunsalee et al., 1987), 5.3f~dihydroxy-3,7,4’-
trimethoxyflavone (3) (Guerrero et al., 2002;
Matsuda et al., 2002), 5,4 -dihydroxy-7-
methoxyflavone (4) (Jamzad et al., 2003; Skoula
etal., 2005) and 4"-hydroxy-5,7-dimethoxyflavone (5)
(Lin et al., 2002). Their structures were identified on

the basis of spectral data. Compounds 3-5 were
isolated from this plant for the first time.

Biological activity testing of the isolated
compounds may help to establish a scientific basis
for the utilization of K. parviflora. Our work focused
on antiplasmodial, antifungal, antimycobacterial and
cytotoxic activity tests of all isolates, and the results
are shown in Table 1. Compound 1 showed antifungal
activity against Candida albicans with an IC_ value
of 19.98 Llg/ml and antimycobacterial activity with a
MIC value of 50 Hg/ml. In our point of view, the
mono-substitution at the aromatic ring B is likely
essential for antimycobacterial and antifungal activities.
All of the isolated compounds (1-5) possessed no
antiplasmodial activity and cytotoxicity against KB,

BC and NCI-H187 cell lines.
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Abstract
Electronic circuit for generating rectangle pulse was studied and design. The circuit can be
controlled through computer parallel port for changing width and height of the pulse. After the circuit was
tested, it was found that the height of the signal can be adjusted from 0 to 5 volts with 256 levels. (8 bits) The

width of the signal can also be adjusted with 256 levels. Width duration of signal depends on the frequency
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Production and analysis of Antibiotic Phenazine from
Pseudomonas aeruginosa
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Abstract

The effects of some factors on phenazines production by Pseudomonas aeruginosa were studied.
The optimum phenazine production conditions are revealed in Pseudomonas P broth medium and 1: 50 of
bacterial culture dilution, as well as incubation at room temperature for 3 days. The isolation and purification
of phenazines was performed with ion exchange chromatography, liquid-liquid extraction and adsorption
chromatography using silica gel column, successively. The purity of phenazines isolated was analyzed by
reversed phase HPLC. Elucidation of phenazine structure was achieved by spectroscopic techniques and com-
parison of spectral data with previous studied, which revealed a phenazine-1-carboxamide (PCN). The PCN
exhibits an antibacterial activity against several pathogenic bacterial such as Ralstonia solanacearum, Erwinia

carotovora and Xanthomonas campestris pv. vesicatoria,

Key words: Phenazines, Pseudomonas
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Introduction

Phenazines are N-containing heterocyclic
pigment synthesized by Brevibacterium,
Burkholderia, Pseudomonas and Streptomyces
(Dwivedi and Johri, 2003). Microorganism
constituted the exclusive source of phenazines in the
nature and there is a considerable overlap in the
production pattern. Several different organisms
produce the same compounds and a particular
microorganism may often produce a variety of
phenazines (Leisinger and Margraff, 1979). The
production of phenazines by microorganism largely
depends on their carbon and mineral nutrition, the
effect of some nutrient source being strain-specific
(Shtark et al., 2003). In addition, composition of
media, which consisting of carbon source, nitrogen
source and microelements have been identified to
have influence on phenazines synthesis by
microorganism (Frank and Demoss, 1958, and
Raaijmark et al., 2002). Phenazines can be
synthesized in both nutrient rich media and minimal
media, thus, it is difficult to design or find a standard
medium for production of phenazines (Kanner et al.,
1978). Phenazine compounds are isolated and
purified by liquid extraction with organic solvents
such as chloroform (Ohfuji et al., 2004) and
dichloromethane (Giddens et al., 2002) or with
column chromatography using polymeric Amberlite
XAD base resin (Stead et al., 1996) and adsorption
chromatography. The structure of phenazines was
obtained from the spectral analysis including
UV-Visible (UV-Vis) Spectroscopy, Infrared (IR)
Spectroscopy, Nuclear Magnetic Resonance (NMR)
Spectroscopy and Mass Spectrometry (MS)
(Brisbane et al., 1987 and Kumar et al,, 2005),

accompanied with some physical characteristics of
phenazines standard in previous studied (Fern! indez
and Pizarro, 1997).

Among microorganisms that can produce
phenazines, many strains belong to the fluorescent
Pseudomonads. Therefore, most studied on the
production and synthetic pathway of various
phenazines pigment have been conducted with
representative of the fluorescent Pseudomonads
(Leisinger and Margranff, 1979), in which
phenazines production of these microorganism is
interestingly important for potency as biological
control agents (Ellis et al., 2002). In particular, the
production of phenazine-1 -carboxylic acid (PCA) is
required for suppression of take-all disease in wheat
root caused by Gaeumannomyces graminis var. tritici
(Gurusiddaiah et al., 1985). The production of
phenazine-1-carboxamide (PCN) exhibits biological
control activity against Fusarium oxysporum f. sp.
radicis-lycopersici which is the causes of root rot in
tomato (Chin-A-Woeng et al., 2001) and a range of
phytopathogenic fungi that infect in rice, groundnut,
tobacco, chili, mango, sugarcanes, lca, cotton and
banana (Kumar et al., 2005). The productions of PCA
and PCN are involved in biological control of
Pythium myriotylum on cocoyum (Xanthosoma
sagittifolium) (Tambong and Hofte, 2001).

In this study, effect of some factors on
production of phenazines by Pseudomonas
ageruginosa was examined. The phenazines super-
natant was isolated and purified by ion exchange
chromatography, liquid extraction and adsorption
chromatography, successively. The structure of
phenazines was elucidated using IR, NMR and
GC-MS. Finally, biological activity of phenazines

against plants pathogen bacteria was studied.
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Materials and methods

Microorganism: P. aeruginosa and all
bacteria for bioassay were routinely maintained on
nutrient agar. For daily experiment, bacteria were
grown in Luria-Bertani (LB) agar (Ferntindez and
Pizzaro, 1997).

Growth media and cultivation
conditions:

Media The strain was grown on LB agars
to obtain bacterial single colonies. The single colony
was cultured in LB broth medium with agitation for
about 3 days as starter. To study on effect of media
on phenazines production, the bacterial cultures from
the starter was moved to culture in Pseudomonas P
broth medium (Audenaert et al., 2002), King’s A
medium (Ferntindez and Pizzaro, 1997) and King’s
B medium (Kumar et al., 2005) and incubated under
the same condition as starter, which worked in
triplicate in all media. The suitable medium for
phenazines production was considered from
maximum absorbance of crude phenazines in each
medium after primarily isolation with Amberlite
XAD-4 resin column.

Bacterial culture dilutions The culture
was grown in Pseudomonas P broth with bacterial
dilution in 1: 25, 1: 50, 1: 100 and 1:200 (v/v) which
was incubated under the same condition as the starter.
The cells growth and phenazines production were
followed by sampling of the bacterial culture at 3
hours interval. The culture density was measured by
UV-Visible spectrophotometer at 600 nm and then
the cells were removed by centrifugation. Phenazines
production was monitored by determining the

absorbance of the supernatant at 360 nm.

Effect of temperatures The effect of
temperatures on cells growth and phenazines
production was performed at 25°C, room temperature
and 37 °C and incubation with agitation for 3 days.
The cells growth and phenazines production was
followed as described in bacterial dilution method.

Isolation and purification of phenazines:
The cells were removed from culture by
centrifugation, then added NaCl to removed residues.
The supernatant was collected and passed into
column contained Amberlite XAD-4 resin. The
column was washed with excess water, 10%
acetonitrile in water and eluted with 70 % acetonitrile
in water, respectively. The solution was evaporated
and lyophilized to dryness to obtain crude
phenazines. Crude phenazines was dissolved in
water, adjusted to pH 2.5 with 1 M HCI and then
extracted with dichloromethane for 3 times. The
bright yellow color dichloromethane fractions were
combined and concentrated by evaporation,
chromatography on silica gel column consequently
eluted with dichloromethane and 10% methanol in
dichloromethane. Phenazines compounds were
analyzed using a (15 x 4.6 mm) Nucleosil C " (S
reverse phase column with mobile phase conditions
consisting of 15 min linear gradient to 45% solvent
B (acetonitrile-water-trifluorocacxetic acid; 90-10-
0.01, v/v) followed by 15 min maintained at this
condition and 1 min linear gradient return to 100
solvent A (water-trifluoroacetic acid; 100-0.01,
v/v). The phenazine compounds were monitored at
250 nm. The waters HPLC system includes Empower
software, 600 pumps with a 2996 photodiode array
detector (Waters Corp.).
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Structure analysis: UV spectrum of
phenazine was performed in 0.2 M HCl with Agilent
8453 UV-visible spectrophotometer. IR spectrum of
phenazine was recorded in KBr disks using a Perkin
Elmer, Spectrum one FT-IR spectrometer recording
from 4,000 to 370cm . The 'H NMR (400 MHz) and
BC NMR (100 MHz) were recorded on a Varian
Mercury NMR spectrometer. GC-MS data were
obtained with a Zebron capillary (ZB-5) GC column
(30 m. 0.25 i.d., Phenomenax) and Thermo Finnigan
Trac GC, Polaris Q, lon Trap mass spectrometer.

Antibiotic testing: Antibacterial activity
of the crude phenazines and PCN were determined
by disk diffusion method (Gurusidduiah et al., 1980)
as follows; Potato Dextrose Agar (PDA) plates were
prepared, and then flooded with suspension of a
bacterial test strain and allowed to dry. The crude
phenazines and PCN in ethanol were treated on sterile
paper disks (6-mm diameter), applied to the agars
plates (Brisbane et al., 1987). The plates were
incubated at room temperature for 24 hours and then
diameters of inhibition zones were measured (Kerr

et al., 1999).

Results and discussion

Several types of media were used to culture
bacteria to produce phenazine pigment. The
production of phenazines can be effected by several
factors which make it hard to define the standard
medium for phenazine synthesis by bacteria.
Pscudomonas P broth, KA and KB were often used
to produce phenazine by P. aeruginosa . The effect
of types of media on phenazine production was
performed with 3 types of media as described method.

The results showed that Pseudomonas P broth was a

suitable medium for phenazine production since the
highest absorption of supernatant was obtained from
this medium (see Figurel). The effect of bacterial
calls on phenazine production was studied in
Pseudomonas P broth with dilution ratio at 1: 25,
1:50, 1: 100 and 1:200 (v/v) with agitation at room
temperature for 3 days. The phenazine production
constantly increased during 70 hours in all condition
but a greater phenazine production was obtained from
1: 50 bacterial dilution (Figure 2A). Whereas, the
cell growth rapidly rose in 10 hours in all cases, which
revealed that there was no significant difference in
bacterial growth as shown in Figure 2B.

Effect of temperature on phenazine pro-
duction was also performed in Pseudomonas P broth
medium. The results showed that the production
curves of phenazine were linearly raised in 70 hours
in all cases (Figure 3A) However, the maximum
phenazines production was obtained from incuba-
tion at room temperature (29-30°C). Cells growths
give the same results as the cells growth bacterial
dilutions (Figure 3B).

Therefore, Pseudomonas P broth, 1: 50 of
bacterial culture dilution and incubation at room
temperature under agitation for 3 days was used for
phenazines productions.

The yield of the phenazines production
varied in broad range between batches to batches or
within the same batch of medium prepared and grown
at the same condition (Byng et al., 1979).

For isolation and urifications of phenazine,
crude phenazine was obtained by using ion exchange
chromatography column. The crude phenazine was
purified by liquid extraction with dichloromethane

and silica gel column eluting with dichloromethane,
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followed by 10% methanol in dichloromethane. The
greenish-yellow solution was eluted as the first band
and then the yellow band was eluted with 10%
methanol in dichloromethane. The greenish-yellow
fraction was analyzed with RP-HPLC couple to
photodiode array detector. The phenazine compound
was analyzed by retention time and UV spectrum, at
wavelength 250 nm. After obtaining the optimal
conditions of chromatographic condition, the purified

phenazine in greenish-yellow form was analyzed

with retention time of 20.4 min (as shown in Figure
4), in which the spectrum of this peak is consistent
to previous reported data (Mavrodi et al., 200 1).
The purified phenaz'inc was a greenish-yellow
needle crystalline solid. It was soluble in
dichloromethane and 0.2 M HCI, which give a strong
absorbance at 247 nm and accompanied by a broad
absorbance at 367 nm, respectively (Mavrodi et al.
2001). IR spectrum of purified compound was 3370,
3163, 1650, 1424, 749 and 613 cm’". The data showed

1.20 1

——M3T T

L —=—AL25C

0.80 A —— At room temparature
(29-30 "C)

0.80 -

0.40 A1

0.20 -
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20 40

Time (hours.)

60 80 100
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——AL37°C
2.00 - —8— A1 25°C

1.50 - —&— At room temperature (28-30 "C)
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Figure 3 Effect of temperatures on (A) phenazines productions and (B) cells growth.
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Figure 4 chromatogram of purified phenazine under gradient system.
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Figure 5 Absorption spectrum of purified phenazine in 0.2 M HCL.,

that the compound containing of C=0 (1650 cm’")
and N-H (3370 cm"') function al groups in molecule.
'H NMR spectrum (400 MHZ, CDCI}) showed
signals of seven aromatic protons at O 9.02 (1H, d,
J=8.2 Hz. H-2), 8.50 (1H, d,J=8.5 Hz., H-4), 8.37
(1H, d, /=8.0 Hz. H-6), 8.31 (1H, d, J/=8.2 Hz. H-9),
8.00 (1H, t, J/=7.2 Hz. H-3), 7.98. (1H, d, J=7.3 Hz.
H-8), and 7.95 (1H, d, J/=7.3 Hz. H-7). Moreover,
'H NMR displayed the DZO exchangeable signal at
d 10.8 ppm (1H brs NH) and 6.55 ppm (1H, brs NH).
“C NMR spectrum of the compound (100 MHZ,
CDCI}) showed some peaks of carbon atom at O
166.0 (s, CONH ), 141.9 (m, C-4a), 141.5 (m, C-5a)
140.1 (m, C-lOa-l), 140.0 (m, C-9a), 136.2(s, C-2),
133.9 (m, C-4), 132.0 (m, C-8), 131.7(m, C-1), 130.4
(m, C-3), 129.2 (m, C-7) and 128.0 (m, C-8). The

MS data showed molecular ion peaks of phenazine
compound at m/z 223, 207, 195, 180, 179 and 152
(data not show). On the basis of spectral data and
literature review (Chin-A-Woeng et al., 1998 and
Kumar et al., 2005,) the bacterial compound is
phenazine-1-carboxamide (PCN) (Figure6).

Test of antibacterial activity: The paper disk
bioassay with PDA medium, the antibacterial activity
was obtained by measuring zones of inhibition
(Figure 8). The results showed that crude phenazines
and PCN exhibited a broad-spectrum antagonism
toward several plant pathogenic microorganisms
(Tablel). The inhibition zones of crude phenazine
greater than inhibition zones of PCN since several
phenazines containing in crude phenazines can be

produced by this P. aeruginosa.
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Table 1

Broad-Spectrum antibacterial activity of phenazines from Thai P. aeruginosa toward plant pathogen

bacteria.
Strains Plant hosts Activity
A. avenae subsp. citrulli £ v
B. subtilis - IR
E. aerogines - -
E. coli - e
E. carotovora Chinese .
R. solanacearum tomato o
S. aureus - -
X. campestris pv. vesicatoria Chili s
Note: (+) Inhibition, (-) non inhibition
Conclusions Acknowledgments

The phenazine antibiotic compounds are
produced by Thai P. aeruginosa. The optimum
conditions for is Pseudomonas P broth medium with
culture dilution at 1: 50 (v/v) and incubation with
agitation for 3 days. Phenazine was isolated and
purified by ion exchange column using Amberlite
XAD-4 resin, liquid extraction and adsorption
chromatography, successively. The compounds were
analyzed under gradient system of RP-HPLC with
photodiode array detection. The interpretation of the
spectral data includes UV, IR, '"H NMR, "C NMR
and MS data, and data from previous studied, which
d identified phenazine obtaine as Phenazine-1-
carboxamide (PCN). The PCN exhibited antibacterial
activity against some plants pathogen bacteria
including R. solanacearum, E. carotovora and X.

campestris pv. vesicatoria.
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