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A screening for avian influenza neuréﬁinidase iInhibitors is presently timited to be
operated only in the bicsafetydevel<8 laboratory. This is due to the use of high virulence
strains of avian influenza vigls as a directisource of neuraminidase enzymes in the
screening assay. It is, taérefore, necessary toﬁ develop new screening methods with high
safety and efficiency for @eingfused in a general laboratory in order to speed up the
seach for new neugaminidasef infibitors™ IAF this research work, two recombinant
neuraminidases obtainedfrom H/NT, H/N3, afmd a viral neuraminidase from inactivated
H5N 1 were used as the safe enzyme sources f‘ér”scrgaening. This assay is based on the
use of florescence method which isvhiéhly sensiti;/;e \:\}ith the limit of detection at the level
of as low as nanomolar scale. Vaficus compéﬂhg‘:ﬁs,_including 5 synthetic oseltamivir
analogs and 35 naturally occurrng-flavonoids f@rﬁ%hai medicinal plants: Dalbergia
parviflora and Belamcanda chinensis\were tested-rifggtberir potential inhibitory activities.
The results showed that the analog PMC-35 exhib-ited higher inhihitory activity against
H7N3 neuraminidasethamosetamivir theanalog PMC=38 0 the other hand, exhibited
its highest activity against that of H/N1 whereas both analogs gave similar activity to
oseltamivir in inhibiting H5N1 neuraminidase. For the natural flawonoids, the inhibitory
activity on the neuramijnidases appeared to be weaker in micromolar level range.
However, it was folnd, interestingly, that the structdres| of flavonpids thémselves had a
quenchingleffect'on the observed! inhibitory factivity' whicheleads to the'oéverestimated
inhibitory effiCacy of some compounds.Thus, it is necessary to determine the degree of
quenching ofleachiflavonold in-crderito olbtainlaccurate inhibitory valdes of thisigroup of

natural products.
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CHAPTER |
INTRODUCTION

Avian influenza is an infectious disease of birds that is caused by influenza virus

e classified as highly pathogenic

since there is a high possibilityig \ e from M a wild bird into highly lethal
o Hum- i hig@ avian influenza virus by

‘ by their feces. The

2008 are the largest and

close contact with in
outbreaks of avian i
most severe on rec ns. infected with highly
pathogenic avian influen WNorld Health Organization
(WHO). Up to date : n ga: yoam "" nd the world have been
documented while 306 v

18 from 25 infected cases have

been reported (WHO, 201 2 \ ébroblem of its possible
reassortment in suitable ral strains highly infective for

) far the cumulative number

humans is a main concern for t =.-1?f_,,: igh

-E,'-,—“
of confirmed patients is mcomp 5 (

= ‘,.f..u._a $ _
the scientific community ‘genc: highty: pathogenic H5N1

emerged HIN1 ‘swine' influenza,

influenza pande es 3 mo i ic ,E’#M Russell et al.,

[

Currently, anti- mfluenza medications conS|st of two classes of drugs: matrix (M2)

b 3P0 103 (1 1) la e

against in Iuenza A; they interfere w@' the viral uncoﬂg process througv direct

a |erc| q;ﬁ Neurami jsegmlhdbt;rsl preve:-t’lhe removalEthe S|a:|c|acg|

acetylneuram|n|c acid) residue from the Glycopeptides receptor by the viral

2006, Taylor et al.,

neuraminidase, which would otherwise allow the virus particles to be released from the

infected cell thus spreading to neighbouring cells (De Clercq, 2004). As a class,



neuraminidase inhibitors are effective against all neuraminidase subtypes and,
therefore, against all strains of influenza. This is a key point in epidemic and pandemic
preparedness and an important advantage over the M2 protein inhibitors which are

effective only against sensitive strains of. influenza A (Moscona, 2005). Among all

antiviral drugs, oseltamivir is the only rec 4 antiviral to treat patients infected
with - avian influenza  (HSN1) i , Xis in high-risk exposure
populations (Schunemann : a | . @ir resistance associated
to the N294S mutation iasneu - ‘.‘7 : ¢ cted in an influenza A

(H5N1) infected patieqiif EgyBt prie sitamivir treatment. (Earhart et al., 2009).

Viethamese patien

findings stress the i an developing nd investigating new putative

Recently, X-ray ¢ ‘ udies ase from type A influenza
*?"'J’" Yy
viruses has been revealed t thes!i tGF ivided in two different classes,

and group-2 neuraminidases

(comprising N2, N3, N8, NY_W ( ,,' Sti ive structural features near the
) R ;

oseltamivir binding site ' avdllable neuraminidase

inhibitors were tafge ’ ses, the discovery
of the “150-cavity” In groug 7 oted | design the novel
neuraminidase inhibifoks in order to improve the efficiency of current antiviral treatments.
Besides th tu ral occurring
products ﬁﬁ ?%@ﬂo% ﬁeﬁ“ﬁﬁ ﬁltory activity

(Jeong et a . 2009, Liu et al., 20083, £008b Mercader and Pomilio, 2010, M|k| et al.,

AN IANLLIR RIANECIREL

for neuraminidase inhibitory activity among these flavonoids would be interesting in

order to understand the structure-activity relationship.



So far, the neuraminidases used in the screening of potential antivirals have
been obtained from several sources. Many of them rely on the cumbersome use of the
influenza virus preparations (Eichelberger et al., 2008, Guo, 2006, Liu et al., 2008a,

2008b, Miki et al., 2007, Song et al., 2005). Nonetheless, this procedure is risky, costly

and inconvenient to set-up the scre ‘ ) as Many. studies aimed to screen putative

neuraminidase inhibitor have a Cl v vailable neuraminidase as an
alternative source, for insta . 4 (Ryu et al., 2008, 2009a,
Ryu et al., 2009b) or se & 7 = -,, cural ida orm HINT expressed in
baculovirus (Jeong et aly | / ) '. ‘ ' ' ﬁmg in medium to high

throughput screenin‘g. Rggent K

has been expressed ' &5k, } _ | r kul et al, 2009)" This system is cost-

effective expression ofift oNa ¥ east can be rapidly grown on simple

However, insect cellstare i d ; ‘ n ast. The relatively new
stable transformation syste tion) o) the. ell established baculovirus
mediated gene expression | ; x: 1. amounts of the foreign protein of

interest while allowing it to retain : '.,.m. ...: (Verma et al., 1998).

To fulfill | these t-gffective sources of

et up an enzyme-! ,"‘ﬁ medium to high
throughput Screeninyap ) be rﬂble and accurate to
assess the potency Of novel inhibitors from both synthetic and natural sources. in this

research, a_ non-cell "bdséd neuraminidase “ifihibition assay using 3 different

e A S VT e

(H5N1) and% crude preparation of recombmant neurammdases NAT A/Turkey/ltaly/99

W TANILS AR

by in-silico analysis (Rungrotmongkol et al., 2009) and a series of natural occurring

neuraminidase to

flavonoids extracted from Dalbergia parvifiora (Umehara et al., 2008) and Belamcanda
chinensis (Monthakantirat et al., 2005) was then investigated. Moreover, the structure-

activity relationship of the obtained inhibitors from both sources was also explored.



CHAPTER Il

LITERATURE REVIEW

2.1 Avian influenza virus

Influenza viruses are enveloped vir ' : ented-single negative stranded

;ﬁre three types of influenza
hed@of antigenic differences

between their nucleo influenza A viruses are

further classified b rface glycoproteins,
characteristics that
infect naturally a wide
nal ) ? ies, including swine
) mall \, infect only humans. In
: A and NA) exhibit much

o -; arts in the influenza B
viruses. Influenza C viruses ha nultifunctional glycoprotein, the
hemagglutinin-esterase-fusion pr 7 Vr ver, although influenza A, B, and C

viruses possess similar p timechanisms for encoding

pro teins. Furthe " -',,—lnlllr_nvr-n-ln 2 4 o B K= = el i ;- »

eight distinct RNS

“Knipe and Howley,

Wﬂum AR I8A0 oL 150 7 o

(PA, PB1, a PB2). The envelope is \?wed on the inside by matrix protein I\Uand iS

TR SNIRT P A N3 E 20

homotmmers of a class | membrane glycoprotein, and mushroom-shaped neuraminidase

segments wherea

2007).

(NA) molecules, which are tetramers of a class || membrane protein (White and Fenner,

1994). The structural diagram of influenza virus is shown in Figure 1.



HA (Hemagglutinin)

M2 lon channel

> NA{ Ncuraminidasc)

A

Lipid bilayer =

' £ F (A, AN\
Human influenza strains g *e nfalim ‘a’ ic ‘ré'q ues linked to galactose
dii o il ’

by the & 2,6 linkage, whil an al i 7e sirains recognize sialic acid

linked to galactose by ‘& 2 ||nka‘9§¢EJ T’iq' et al., 16 4,ambaryan et al., 1997,
Matrosovich et al., 1997, ger.s.le&-é?-, -'1983:; : and Paulson, 1983, Rogers and

D'Souza, 1989). Correspondmg&y:r—m'mam aF_;;.i.‘._lﬁa epithelial cells predominantly

r\l*r)

Ed--"_.- .,
contain (X 2,6 &aﬂamd galactose ImkagesMIf

mainly contain """"_»--— OUcelro et al., “-’ .

birds and horses

atrosovich et al.,

2004) Respiratory eLPL elia and O 2,6 linkages,

which explains why this animal is susceptible to both human and avian influenza viruses
(Ito et al., B cau e it, t r as ntial source of
new pandemic g] ﬁ % w lectiv ﬁp which mixed

infection of%luan and human strains efﬂmently occurs potentially resultmg in new

L LTANITS IR TINY TRY

The replication cycles of human (H1N1, H2N2 and H3N2) and avian (H5NT1)
influenza viruses follow a similar ‘scenario’ (De Clercq, 2006) (Figure 2). After binding to

sialic acid receptors, influenza virions are internalized by receptor mediated



endocytosis. The low pH in the endosomes triggers the fusion of the viral and
endosomal membranes, and the influx of H+ through the M2 channel releases the viral
RNA genes in the cytoplasm (‘uncoating’). The RNA replication and transcription steps

[which require repeated cycles of (-)RNA <-> (+)RNA polymerization reactions] occur in

Jdli g of virions occur at the

newly formed virions from

Budding

Sialic acid
e Ho T

i'f"'.
= 4‘:.--“ f

S
d Nalely :
Sl _;1 "‘7; anslation

Packaging
.I.I

T

L

Endocytosis

MmRNA

v

i_—-d:"-r" =

}“-‘

DNA

N e Y
ﬂ uﬁl@eﬂﬂgﬂ'ﬁ?ﬂﬂﬂﬂﬁ

2.2 Neuramumdase screening methods

mmmmmmmaﬂ

actmty as well as for NA inhibition assays: a colorimetric thiobarbituric acid {TBA)

method which is based on the reaction with TBA resulting in a red color complex
(Aymard-Henryn et al., 1973, Romero et al., 1997, Skehel and Schild, 1971). A

fluorometric method using Amplex Red (FL-AR) which uses fetuin as substrate and



involves oxidation of Amplex Red to resofurin for fluorescent detection (Molecular
Probes, The Netherlands), a fluorometric method with 2-O-(4-methylumbelliferyl)-N-
acetylneuraminic acid (MU-NANA) as a substrate, i.e. FL-MU-NANA method (Barnett ef
al., 2000, Gubareva et al., 1997, Gubareva et al., 2002) and chemiluminescent method

using a 1,2-dioxetane derivative of neuraminic acid (Buxton et al., 2000).

The TBA assay is the most common method and.widely used as a neuraminidase
inhibition test of allantoic fluids, e.g. for the characterization of influenza A viruses by
WHO International Influenza Ceatres«(Nayak and Reichl, 2004). This colorimetric assay
employs fetuin, a large#haturalglyeoprotein containing sialic acid (N-acetylneuraminic;
NANA), as a neuraminidase enzyme substra{e. In the presence of neuraminidase, the
NANA released by enzymatic €leavage of fet.uir'i“'is converted to ,B—formol pyruvic acid
by periodate oxidation process, whose ultimxantea_product IS pigmented and can be
analyzed by a spectrophotometer (Aymard-He!nvryr‘] et al., 1973). This assay does not
require expensive chemicals and. equipment; i-t,"is-':time—consuming and sensitive to
interference in the compléx culfure media used inianimal cell culture (Nayak and Reichl,

2004), 2

Attractive options are. . fludfemetric . assays, “whieh™ are simpler and less time
consuming but more expensive. Most assays in-use, -however,jde based on the
substrate 4-methylambelliferyl- -D-N-acetylneuraminic acid (MUNANA) (Potier et al.,
1979). In these assays, fluorescent 4-methylumbelliferone (4-MU) is quantified after
cleavage from MU-NANA. Assays based on MU-NANA have been used for the
detection oty neuraminidase ‘acilvity [in  clinical=isolates (and’ the” characterization of
neuraminidase, susceptibility towards inhibitors (Buxton™ ef*al., 2000, '‘Gubareva et al.,
2002, McSharry et al., 2004, Rameix-Welti et al., 2006, Rameix-Welti et al., 2008, Song

etial., 2010, Wetherallket al., 2003, Woods et al., 1993, Yen et al., 2007).

Another alternative is the use of a chemiluminescent method, which has a distinct
advantage over other assays because of its high sensitivity. Additionally, it is a suitable
method for the screening of clinical isolates for influenza virus diagnosis. However, this

method is of limited use in monitoring virus replication in animal cell culture as it shows



interference due to the quenching effects of phenol red added as pH indicator in many
tissue culture media (Buxton et al., 2000). In this assay, 1,2-dioxetane derivative of
neuraminic acid, is used as a chemiluminogenic substrates. After the enzymatic

cleavage of the substrate, an optical ener. light emission can be detected.

2.3 Natural products with neuram \ij, /
Several natural occurri ' ha be@ for the neuraminidase

inhibitory activity. How ; ve peen, feundte evant inhibitor among
these natural products 7 i dral . N ichuare reported for their
inhibitory activity are shd J -

Table 1 Flavonoids ith n nidid ito

Chemical compounds & L ¥ ' ins) " References

Abyssinone VI [1] (Nguyen et al.,

5
LY

2010a)

D

L
=
LT
L

HO

‘o
s

AULINENTNEINS
ARIANTUIM TN




Table 1 (continued)

Chemical compounds

50 —

IC., + SD (Strains)

References

Apigenin [2]

HO

17.4 £ 0.5 uM

C yperftingens)

%49+

14.63 + 4,38 pg/m!
(A/PR/8/3W’I N1))

RAIEINE

(Jeong et al.,
2008, Liu et al.,
2008a, 2008b)

a%aqnmmmﬂﬂ

(Liu et al.,

2008a)

9
188




Table 1 (continued)

10

Chemical compounds IC,, + SD (Strains)

References

Astragalin [4] 29.4 £ 1.2 uM

_ OH
HO 0 | >
J OH
T 9.
OH © OH A

(Jeong et al.,

2009)

Calopocarpin [5]

(Nguyen et al.,

Ho O © 2010b)
= ol
Catechin [6] (Liu et al.,
oH 2008b)
HO O
Chrysin [7] 45.7 £ 1.9uM (Liu et al.,
WINE |5
33.36 + 3.8 M

’QW] aNf3

(B/Jiangsu/10/2003)

T neay




Table 1 (continued)

1

Chemical compounds IC,, + SD (Strains) References
Cosmosiin [8] 39.3+3.3 uM (Jeong et al.,
OHoH ' 2009)

OMC OH

e

OH O

Corylin [9]

HO 0 &
oY
OH O O N

(Nguyen et al.,

2010a)

Crystacarpin [10]

HO O
OO
X

|

Cudraflavanone A ‘!--'

WO ﬁ

ﬂUﬂ?WBﬂiWBWT

(Nguyen et al.,

2010b)

(Ryu et al.,

2009b)

!

L

ﬂnmwmwmﬁa




Table 1 (continued)
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Chemical compounds

IC,,+ SD

50 =

{Strains)

References

Cudraflavone A [13]

Wy =

W \ ‘

HO

\

ﬂuﬂ?ﬂaﬂﬁﬂﬁﬂﬂi

(BlJiangsu/1 oxzooa

e}

/

OH

Deqs'thylmedxcarpm [1 7]

] 4

29.01 + 1.9 uM

[} wfw

'6.39 + 0.40 uM
(C. perfringens)
29.54 + 1.94 UM

(V. cholera)

(Ryu et al.,
2009Db)

(Ryu et al.,
2009Db)

(Ryu et al.,
2009b)

(Liu et al.,

2008b)

ol

(Nguyen et al.,

2010b)




Table 1 (continued)
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Chemical compounds IC,, + SD (Strains) References
Dinatin [18] 46.3 + 4.4 uM (Liu et al,
o ‘ (HIN1)) 2008b)
HO 0
|
Meom ;
OH O Aldinan
— 33.2% 0.4 i
| : k ‘,i“
Echinantin [19] 4 . 3 (Dao et al.,
o4 (BN 2011)
HO ag : i -l“
O | OCHg | J |
o) N2
| —
, i
NDY
Epicatechin [20] >1oo UM | (v et al,

.qu@%5Wﬂwr
QW]Nﬂ‘if

é/Jman/TS/ 90( H3N2

31N

%Bb)

188

Erysenegalensem M [21]
CH,CH(OH)C(CH3)=CH

>50 pg/ml
(H1N1)
>50 ug/ml
(HON2)

(Nguyen et al.,
2010a)




Table 1 (continued)

14

Chemical compounds

IC,,+ SD (Strains)

References

Erystagallin A [22]

2.04 £ 0.08 pM

( ingens)

cho/ei&i

(Nguyen et al.,

2010b)

'd
39 + 1 . (Nguyen et al.,
HO B °S D 2010b)
N
/ H'S | P 3 ™
h
O 1: b
1.30 /01 (Nguyen et al.,
| (al.l , en 2010b)
Erythraddison A [25] 5 (Nguyen et al.,
T
CH,0OH &
o o ‘ 2010a)
« %
OH O
Erythribyssin D [26] 7710 £ 2. 17 M (Nguyen et al.,

2 79 +£0.33 uM
(C. perfringens)
27.14 £ 2.29 uM
(V. cholera)

ﬁOb)

s

2010b)

(Nguyen et al.,




Table 1 (continued)

Chemical compounds IC,,+ SD (Strains)

References

Erythribyssin M [28] ' 205.40 + 4.03 uM

HO\( I

\//

\Wi/ ‘.:

‘

(Nguyen et al.,

2010b)

(Nguyen et al.,

2010h)

Eryvarin D [30]

A VAN aYa¥raYa=)

2010Db)

(Nguyen et al.,

Formononetin
- HO

UEJ’JVIHMQMEHF

® #100 pM

QW] Nﬂ‘im@i’iﬁﬂﬂ’ﬂﬁl

(B/Jiangsu/10/2003)

j et al.,
2008b)




Table 1 (continued)
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Chemical compounds IC,, = SD (Strains) References
Galuteolin [32] 21.23 +2.97 pg/ml (Liu et al.,
4(H1N1)) 2008a, Liu et
HO o 7 . al., 2008b)
OH PR/8/ -
@ OH _—j
OH 23.42 3.5%
1. |
J /1
fa
5@’2 M
Genistein [33] ‘+ (Liu et al.,
"o RI8] ) 2008b)
e
Glyasperin C [34] 20% at 200 pM (rvH1N1 (Ryu et al.,
Bervig Mlon/1/18 2010Db)

Uﬂiw

§1173




Table 1 (continued)
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Chemical compounds

IC4, £ SD (Strains)

References

Gossypetin [36]
| OH

HO o)
| OH
OH

OH O

Herbacetin [37]

HO o)
|
OH

OH O

O

|

Hesperidin [38]

Ol-00
Haee)
OHOHO

OH oOH ©

Isoliquiritigenin [39]

=

11830
ARIAINT

HO

0.8+0.1uM (Jeong et al.,
n ‘ens) 2009)
N /éi
} —
+0. (Jeong et al.,
. p&r 2009)
9% 14
‘f"‘
= “ (Liu et al.,
2008b)
Jinany 3
(Dao et al.,
(H1N1) 2011, Ryu et

HINENG

348+O 19 pg/ml

31Ny

H274Y

(HIN1
9.0 + 0.7 uM (rvH1N1T A/
Bervig_Mission/1/18)

al., 2010b)

@/

e




Table 1 (continued)

Chemical compounds ICsox SD (Strains) References
2'-Methoxyisoliquiritigenin [40] 243 +2.2 uM (rvH1N1 A/Bervi | (Ryu et al.,
O OH aN 2010b)
HO
L
OMe O
Isoliquiritin [41] (Ryu et al.,
2010b)
(Ryu et al.,
2010b)

9475+619p|\/1

’QW’] NIt IM1INGY

@/

Ak

' uyen et al.,
0b)




Table 1 (continued)
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Chemical compounds

IC.,+ SD (Strains)

50 —

References

Kaempferol [44]

HO o
|
OH

OH O

OH

Kanzonol C [45]

Kumatakenin [46 v

o
i
MeO ‘ (0]
OH

8.0+1.0uM (Jeong et al.,
oerfringens) 2009, Liu et al.,
L / 7; 2008b)
HIN i
6406 p ——
(Dao et al.,
2011)
' (Ryu et al.,
2010b)
.
(;u et al.,

8

2008)




Table 1 (continued)
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i Chemical compounds ‘ IC,, = SD (Strains) References
Kurarinone [48] 15.1 +2.0 UM (Ryu et al.,
2008)
=
HO o)
OCHL
Kushenol A [49] (Ryu et al.,
F LTI o 2008)
OH O - y ¥ 8
Kusheno! T [50] g ‘ (Ryu et al.,
W PG )\ 2008)
HO™T o ‘ [ J A
W
OoH O — T
Leachianone A [51 ‘ (Ryu et al.,
2008)

(50 et al.,

2011, Nguyen

21.51 + 0.25 ug/m

(H1N1)
20.03 £ 0.35pg/ml
(HON2)




Table 1 (continued)
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OCHj
OH ©

Chemical compounds IC, + SD (Strains) References
Licochalcone A [53] 19.09 £ 1.10 pg/ml (Dao et al.,
- ‘ A 2011)
OH rr ,
"o | /
@ I don TOND)  —
o 42 £0.40 |
0
/ 1 74“
Licochalcone D [54] 1428.62 (Dao et al.,
~ (HANT) 2011)
HO X SN g & / \
_ OCHs i)
O =] =
-
Licochalcone G [55] 3 (Dao et al.,
~ 12011)
N
HO \

Licoflavonoﬁ]

. et al.,
20110b)




Table 1 (continued)
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Chemical compounds IC,, + SD (Strains) References
Licorisoflavan A [57] 30% at 200 uM (rvH1N1 (Ryu et al.,
vig Mission/1/18) 2010b)
MeO x (@] on ~ /
| '/
= ’
~ M ~ | - d
e N ——
Linocinamarin [58] %) : (Jeong et al.,
o / /(€. peffri 2009)
HO oo OH #® 4 e
HO o ' (
| ‘ e <)
o M)
OH O : | i
HO = ~
OH . . =
OH ; a7
Liquiritigenin [59] 6.5 H (Ryu et al.,
o
' /1/18) 2010Db)
=TI
Liquiritin [60] (Liu et al.,

(A/PR/8/34 H1 N1))

| mw NINENT

AR Nﬂ‘if@%ﬂ%@@ﬂﬂ

82.3+ 0.1uM (rvH1N1

A/Bervig _Mission/1/18)

2008b, Ryu et

701%)
188




Table 1 (continued)
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Chemical compounds IC,, + SD (Strains) References
Liquiritin apioside [61] 182 + 2.0 uM (rvHIN (Ryu et al.,
2010p)

FiUEJ’J‘VI&WﬁWEﬂﬂ
ARIANNTIUANRTING

_7-1.--‘.-1-‘_- LLULIN L F

)

2 S0 3N2))

15.26 + 3a}ug/m|

(B/Jiangsu/10/2008),

(Jeong et al.,
2009, Liu et al.,
2008a, 2008b)

188




Table 1 (continued)
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Chemical compounds IC,, = SD (Strains) References
Luteolin 3'-glucuronyl acid methyl 21.16 £ 6.34 ug/ml (Liu et al.,
ester [63] ( 4 (H1N1)) 2008a)

OH ' /
HO o) o O chs
\@Q | 0 ‘ inan
Ol . -
OH O 4.44% 53 -
OH - ——
' B
Maackiain [64] 30 21 (Ryu et al.
"’Pa‘
HO = 2008)
. ol ll
<4 VB +.6 (Liu et al.,
SRISAH N 2008b)
,;”? H3N2))
Naringenin [66] ‘ 522+ 1.67 uM (Liu et al.,
oH o o ' (APR/B/34YHINT)) 2008b)
W@ﬁﬁﬂ?ﬂ BINE N
| | Jinan/15/ QO(H3NDY)
OH O q.l (
£100 UM -

ARIAINT

|

$NINY

188

i |
Neorautenol [67]

19.82 £ 0.88 uM

(C. perfringens)
53.11 £ 3.98 uM
(V. cholera)

(Nguyen et al.,
2010b)




Table 1 (continued)
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Chemical compounds

IC,, £+ SD (Strains)

References

Nicotiflorin [68] 555+ 2.2 UM (Jeong et al.,
ens) 2009)
HO r F
or HINT) _é—i
|
Norkurarinol [69] 8. (Ryu et al.,
ng 2008)
HO : -
HO O Xy b
OH O ‘ -  -
J i
OCnonin [70] %o 2 1 (Ryu et al.,
° /1/18) 2010b)
0 | A% ‘
O ™oH .
o)
OH
Phaseolin [71] 33.55+2.07 uM (Nguyen et al.,
(C. pen‘r/ 2010b)
V cho/er?

\mﬂm ﬁﬁ’ﬁ%ﬂ

21.93 + 0.44 ug/ml (HIN1)
20.47 +0.48 ug/ml (HAN2)

(Rao.el als
AoLE)

et al., 2010a)




Table 1 (continueq)
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Chemical compounds IC,, + SD (Strains) References
Pterocarpin [73] 1.4 +0.36 UM (Ryu et al.,
HyCO o 2008)

(Jeong et al.,
2009, Liu et al.,
2008b)

Rhamnocitrin [75]

mfﬁa?ﬂHW§WUﬂf
amaqnifiﬁimﬁm

51.5+6.1aM

83.9 £ 4.4 uM

(B/Jiangsu/10/2003)

(Liu et al.,

zﬁam
188




Table 1 (continued)
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Chemical compounds IC,,+ SD (Strains) References
Rhodiolinin [76] 6.1+2.2uM (Jeong et al.,
OMe !
; Ho\[f:l\r;: AN S eqs) 2009)

Rhodionin [77]
OH

NOH

ey

OH O

(Jeong et al.,

2009)

Rhodiosin [78]
OH

OH

(Jeong et al.,

2009)

52.2 + 1.6 M

(A/Jinan/15/ 90(H3N2))
>100 uM

(B/Jiangsu/10/2003)

(Jeong et al.,

2009, Liu et al.,

f s
' H>L - )
AR TRRRIINAY




Table 1 (continued)
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Chemical compounds IC4, = SD (Strains) References
Scutellarin [80] 506 £ 0.9 uM (Liu et al.,
OH (A/PR/8I34 (HIN1) 2008b)
HO o \ \ )
X N/
OH O -
593935 i,
(B/Jiangsul10/2008;
Sophoraflavanone G [8 (Ryu et al.,
2008)

HO

' J

Sophorapterocarpan A [82]

(Nguyen et al.,
2010b)

AN TURARIN

£100 uM

>100 uM
(B/Jiangsu/10/2003)

et al.,

8b)

18 &




Table 1 (continued)

29

Chemical compounds IC4, = SD (Strains) References

Sulphuretin [84] 29.6 £ 0.5 uM (Liu et al.,
HO 0

OH 2008b)

o OH

Trifolrhizin [85] (Ryu et al.,
Vitexin [86] (Liu et al.,
HO 2008Db)

>50 pg/miid

EJ’JVIE&‘1W§WEJ’1F

>5O pug/ml

(HIN1)

>50 ug/ml
(HON2)

(Nguyen et al.,




Table 1 (continued)

30

Chemical compounds IC,, + SD (Strains) References
2-((E)-4'-hydroxyphenylidene) 220+ 0.7 UM (Liu et al.,
-6-hydroxy-2,3-dihydrobenzofuran- . H1N1)) 2008b)
30ne[89 N

Jinan/ 1o 80aRD)
OH 229 % .SpQ
2-((E)-4'- hydroxyph en 36 41 (Liu et al.,
-4,6-dihydroxy-2,3- 7’ ' V | /3 2008b)
dihydrobenzofuran-3-on O]A ' 2 _
oH © O o F. ﬁ' v
2-((E)- phenylidene)-6-hydro 3 190" % (Liu et al.,
-dihydrobenzofuran-3-one [91] =5 'RTZ 7 )) 2008b)
HO|:O/“\ Z 3478
o)
2',5,7-trihydroxy-4',5'- 2— 0.38+0.1 uM (Ryu et al.,

j;:g@g;g%mwﬁ%%’w 17
TUNNIN:

%%)
88




Table 2 Stilbenes with neuraminidase inhibitory activity
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Chemical compounds IC,,+ SD

References

(+)-Ampelopsin [93] 234.61 + 25.07 pM

NP

R/B/34(HINT)

W 84 UM

Novel L (WT)

(Nguyen et al.,

- 2011)

Amurensin G [94]

| (Nguyen et al.,

2011)

Novel H N'](WT) E_u
34.03  3.63 M

TINET

7.19 + 0.40 ug/ml
(HAN2)

(Nguyen et al.,




Table 2 (Continued)
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Chemical compounds IC., £ SD References
Licocoumarone [97] 278 £ 0.7 uM (Ryu et al.,
2010Db)

HINT A/

(Nguyen et al.,
2011)

(Nguyen et al.,
2011)

H274Y mutant

e | W
trans-&-Vin ‘ﬂ 'ﬂ» 'l ‘ . "r A '? 3. ';| '.’:‘. 1 ‘
HOO q A/PR/S/34(HINT)

‘o OH_ o g 19992 ¢ 1 »

3N T YTHAINe
173.79 + 21.05 M
H274Y mutant

| (Nglyen et al.,

2011)

REH




Table 2 (Continued)
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Chemical compounds

IC,, + SD

References

(+)-Viniferol C [101]

Table 3 Xanthofeswit

8.94 + 1.06 pM
A/PR/8/34(H1NT)

S8 528 4 UM

Novel= R0

671.164:6.06 UM

(Nguyen et al.,

2011)

(Nguyen et al.,
2011)

Chemical compounds

ICyy + SD

References

AINYYEHYT

' (Ryu et al.,
o




Table 3 (continued)
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Chemical compounds ICso = SD References
Cudratricusxanthone F [104] 1.271+£0.21 uM (Ryu et al.,
\ erfringens) 2009a)

O OH
"o /
HO o OCH, ’__4
b >
|
Cudraxanthone [105 (Ryu et al.,
O OH ' -
“ § P v- C ‘ 2010a)
| l
707 SocH, |
OH 5 I
hl.i'i‘
g )
Cudraxanthone D [106] ‘ J:} i (Ryu et al.,
! T ) FLCEIEs ing 2009a)
O X ! 77
| | did)
HO™ 07 O
2
L
Cudraxanthone L Ryu et al.,
O OH
S 2009a)
HO | N ! N
HO

'ﬂUEJ’JT]EJVI?WEJ']f

]"5




Table 3 (continued)
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Chemical compounds ICgo = SD References
Garcinone D [109] - 57+0.8uM (Ryu et al.,
/n’ngens) 2010a)
} —
(Ryu et al.,
) 2010a)
n
(Ryu et al.,
" . ng 2010a)
| Aot
¥/
Macluraxanthone [1 | (Ryu et al.,
B o (C. perfringens) | 2009a)
HO_~
|
HO

“HUYANINTNYINS

RO Il IATAN IR E




Table 3 (continued)
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Chemical compounds IC.,+ SD References
Mangostenone F [114] 24.8 £ 0.6 uM (Ryu et al.,
| . perfringens) | 2010a)
H4CO
HO _
Mangostenone G [1 15. (Ryu et al.,
7 2010a)
0
0
HO 0
Q-mangostin [116] (Ryu et al.,
‘ 2010a)
O OH
HaCO =
HO 0 ‘ OH
ﬂmangostin [117] (Ryu et al.,

< AU EJ M EJI

Sy g
RIINYA Y

a8
b |
Smeathxanthone A [119] 0.27 £ 0.05 uM (Ryu et al.,
OH O OH (C. perfringens) 2010a)

cooCTT
0" >~ "OH

OH
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Table 3 (continued)

Chemical compounds ICse = SD References
1,3,6,7-Tetrahydroxy-2-(3-methylbut-2- 0.080 £ 0.01 uM (Ryu et al.,
enyl)-8-(2-methylbut-3-en-2-yl)-9H-xanthen erfr/ngens) 2009a)
9-one [120] AN
1,3,7-Trihydroxy-4-(1,1 (Ryu et al.,
propenyl)-5,6-(2,2 dimethy 2009a)
xanthone [121]

= ‘ =
9- Hydroxycalabaxanthone[ 2] f}{,___ "'-- ( (Ryu et al.,
| PR 2010a)

HaCO

3

HO

=
¥

H |

¥

ﬂUEJ’JVIEJW?WEﬂﬂ‘i
awwmmmumawmaﬂ



Table 4 Miscellaneocus compounds with neuraminidase inhibitory activity
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\
HNJ J\(/\/\/\\/\/\.//Jl\ %,

R OH :
Na0,S0. /Y\\_ PN AN b
OH

Calyceramide B [124]
(o]

A -

HN S

IQH
N aO;SO.‘d/\\KQ\//\\//\\/\\
OH

Calyceramide C [125]

Chemical compounds Class ICg = SD References
Calyceramide A [123] Ceramide | 0.4 ug/m! (Nakao et al.,
i ‘ (C: perfringens) 2001)

(Nakao et al.,

2001)

(Nakao et al.,

2001)

(Ryu et al.,
2010b)

AW ELD 2
1 (vHTNGA/Benvig 10b)

119D

n/1/18

MINYNAY

Isoglycyrol [128]

0 0.0
O
OMe O O

OH

Coumarins

92.4 £ 0.7 uM
(vHIN1T A/Bervig

_Mission/1/18)

(Ryu et al.,
2010b)
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Table 4 (continued)

Chemical compounds Class ICsy = SD References

Licopyranocoumarin [129] t Coumarins | 10% at 200 uM (Ryu et al.,
HO

(?vHIN1 A/ Bervig | 2010b)

Nobiloside [130] (Takada et

al., 2002)

OH OHGH

o
b o
Ho OH Ho

2.4 Fluorescence Quen

' that deCreases the fluorescence

Fluorescence quenchifig |

intensity of a sample. A variey of méletutar ink 'ns result in quenching. These
J’ Iy

include excited-state reac dns, 0 ents, energy transfer, ground-

state complex formation, and cailisic vicz, 2006).

Fluorescenc _ a fundamental
phenomenon, and oo , aé-l-'; al systems. These
biochemical applica ';s s of quenching are due to the molecula teractions that result
in quenching. Both stati’ﬂ dynamic quenchiwequires molecular contact between

R YHANIATHBAN T

diffuse to tmfluorophore during the lifetime of the excited state. Upon contact, the

fluorophore returns to the ground stﬁe without emi n of a photon. lMeneral,
AL QPRI BRIEILT tak T Tl X TR
phaochemica\ reaction. In static quenching a complex is formed between the

fluorophore and the quencher, and this complex is nonfluorescent (Lakowicz, 2006).

For either static or dynamic quenching to occur the fluorophore and guencher must

e in contact. The requirement of molecular contact for quenching results in the
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numerous applications of quenching. For example, quenching measurements can
reveal the accessibility of fluorophores to quenchers. Consider a fluorophore bound
either to a protein or a membrane. If the protein or membrane is impermeable to the

quencher, and the fluorophore is Iocate i interior of the macromolecule, then

neither collisional nor static quenching | this reason guenching studies

can be used to reveal the loealization of fluc ﬁtems and membranes, and
' it ' @onal quenching can be

icz, 2006).

One of the best-

almost all known fluoroph LIpor > Samp J,»‘o investigation, it is

)), which guenches

frequently necessary to ren; QXY ‘ 3 liable measurements of the
o = . L ! -J

fluorescence yields or lif ygen quenches has been a

subject of debate. The mos ,Emﬁp .is,'r]‘ip.' e P amagnetic oxygen causes

the fluorophore to undergo inters /Ste iplet state. In fluid solutions the
jar

long-lived triplets are com Sly quenched! so that scenee is not observed.
Aromatic and aliph amines are aiso efficient quenchers of ost unsubstituted
Y}

aromatic hydrocarbo” se is-effectively quenched
|

by diethylaniline (Knibbe et al.,

1968). For anthracene and diethylaniline the mechanism

of gquenching is the fornﬁtﬁof an excited char@transfer complex. The excited-state

o GBI

the excited marge transfer complex (exciplex) is frequently observed, and one may

regard t ?_r.g)cess as an excited stateqeartron rather thﬂquenchm n ola%lvents
b QYKL eIk L telpR 1k k-N 1N

app‘ars to be that of simple quenching. While it is now known that there is a modest

through-space component to aimost all quenching reactions, this component is short

range (<2 A), so that molecular contact is a requirement for quenching.
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Another type of quenching is due to heavy atoms such as iodide and bromide.
Halogenated compounds such as frichloroethanol and bromobenzene also act as
collisional guenchers. Quenching by the larger halogens such as bromide and iodide

may be a resulit of intersystem crossing to an excited triplet state, promoted by spin—

he halogen (Kasha, 1952). Since

highly quenched by other

sensitive to quenching
r and Kirby, 1969) such

o ~and Mn®". Quenching

Eu’’, Ag’, and Cs'.
in several insightful

1b). Hence a variety of

quenchers are available for studl “oFprotein flo lorescence, especially to determine the

nw ..Nf'kd'

of taypto as and ‘the sation o

]

Additional quen rs inclue _ ( \"methylnicotinamide and N-

surface accessibility, proteins by the

quenchers.

alkyl pyridinium, and plconmum salts (Davis, 1973, Shinitzky and Rivnay, 1977). For

e 18 TR g e

Flavin fluore&nce is quenched by b%w static and dynamlc interactions W|th adenine

TRTRI O ML

by formation of charge-transfer complexes. Depending upon the precise structure
involved, the ground-state complex can be reasonably stable. As a result, both static
and dynamic quenching are frequently observed. A variety of other quenchers are

known. These are summarized in Table 5, which is intended to be an overview and not a
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compilete list. Known collisional quenchers include hydrogen peroxide, nitric oxide (NO),

nitroxides, BrO, , and even some olefins.

Because of the variety of substances that act as quenchers, one can frequently
sired purpose. It is important to note
\ stbstances listed above. This fact

occasionally allows selective --:'a. , rophore. The occurrence of

identify fluorophore—quencher combinat

that not all fluorophores are qQue

ends upon the chemical

quenching depends upon the EChanism swhic

properties of the individual mole€ Ul ‘./.»,- =-¢

is complex. In this chapter NCEMed

. chanism of quenching
Wi > type of quenching,
that is, whether quengi g dépeads lisions r ‘mation of ground state

complexes.

Collisional quenching o fluoge .mJ'("- 13,

2.4.2 Theory of collis@nal

by the Stern-Volmer equation:

B e— F i

In this equationd=and=f—are=the=fiuo 4 the absence and
Ly N )

presence of quencheist queaehing constant; 7, is

4 .
'5" is the concentration

the lifetime of the fluerdphore in the absence of quencher, and

of quencher. The Ster‘Vﬁer quenching cofistant is given by K, =K 7,. If the

ot Y R THHRTWEA oo

K, Other\/\m this constant will be descmbed as K, . Quenching data are usually

AW LBNLES AR O] A LN

mte ept of one on the y-axis and a slope equal to K, . Intuitively, it is useful to note that
K,[] is the guencher concentration at which/,/I =2 or 50% of the intensity is
quenched. A linear Stern- Volmer plot is generally indicative of a single class of

fluorophores, all equally accessible to quencher. If two fluorophore populations are
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present, and one class is not accessible to quencher, then the Stern-Volmer plots
deviate from linearity toward the x-axis. This result is frequently found for the quenching
of tryptophan fluorescence in proteins by polar or charged quenchers. These molecules

do not readily penetrate the hydrophobic interi

or of proteins, and only those tryptophan

residues on the surface of the pro “ re quenct > owicz, 2008) .

It is important to recognize that.ol ' ’ ern-Volmer plot does not
prove that collisional quenchi u € A . Static guenching also

results in linear Stern-Volmer . =, Ing can be distinguished

by their differing de °ngé" opftemperature \ x ISCO \

measurements. Highegt p Ature uly - L‘ and hence larger amounts

areswill & ally: in the dissociation of
S N

am s of s ~. quenching (Lakowicz,

oreferably by lifetime

of collisional quenchings#High

2006). y #

weakly bound compléxes @ d )|

efice s

Table 5 Quenchers o

Quenchers

Amines

' Amine anesthetics

Quinalinium, SPQ
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Table 5 (continued)

Quenchers Typical fluorophore

Dimethylformamide

Halogen anesthetics

lodide

Nickel (Ni2+)

Nitroxides

Peroxides

Pyridine

Thallium (Tl+) Naphthylamine sulfonic acid




CHAPTER il

MATERIALS AND METHODS

3.1 Materials

All neuraminidases 3 ty/\t /8OMN1 (A/Turkey/ltaly/4426/
2000 LPAl) and inacti :

research were obtain aboratory for Avian

Influenza and Newcagsilé Disé I Orofilatc mentale delle Venezie,
Padua, Italy.
3.1.1.1
Recombinant neugdmi e An] &5 Xpres sed using a Bac-to-Bac

baculovirus expressio te itrogen’ hnologies) according to the
manufacturer’s instructions. amplete N3 ne LPAI isolate Alty/Italy/8000/02

(H7N3) was amplified, ligated i astzBac d ' id and cloned in E.coli DH5O

[l ol ol A
competent cells. Recor ( t insert was cloned in

E.coli DH10Bac y,:{

I\g the site-specific
recombination. H|gh ells ooiw bacmid obtained:;
72 hours post- trans tion the supernatant containing the re ombinant baculovirus

particles was collected (Cafisii et al., 2006, 20

JUEANEaneNS
b ar il evitiunyie

usmg the forward primer 5-GCC CGC GGC CGC CAG GAG TTT AAA ATG AAT
CCA AAT C-3" and the reverse primer 5'-GCG CGC GGC CGC CTA CTT GTC AAT GGT

GAA TGG C-3, both with a Not | site included (underlined). The expected product
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consisted of approximately 1.4 kb. The c¢cDNA produced was gel purified and
sequenced to confirm the identity of the amplicon (Cattoli et al., 2006, 2003).

The N1 amplified gene was then expressed using the Bac-to-Bac® baculovirus

expression system (Invitrogen Life tec o] “according to the manufacturer's
instructions. Briefly, cDNA wa " Ste ’ ate in a Not I-cleaved pFast-Bac
donor plasmid and cloned in : Ji D » stent cells. Colonies containing the
correct insert were select ere o ' sequently extracted. E.

Coli DH10Bac cells, ca [ daculavirus s v cmic), were pFast-Bac

transformed and thesfecompif ‘ " K
HighFive® cells. Recafbinaaf bdcdlovirus particles were'collecte

after 72 hours and were jiffated byl plaqUeassay. Express ) ‘e gene of interest was

d for transfection of

d from cell cultures

at the appropriate dilution. “i v cu or 3 hours at 37°C and stored at

4°C until use.

3.1.2 Oseltamiviranaiod

Ve Y]

=

Five oseltamivir analog o In ipartimentale Studi

biomolecolari e Industrlah apphcatx (CISl), Milan, Italy Their synthesis was achieved

o vy

azide mterm&late 15 (Scheme 1). Key‘ntermemate 15 was acylated (PMC 3Ud 32),

ARSI AN

were hydrolyzed with KOH to give the six potassium carboxylates PMC 31-36 (Scheme

2).
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0 0 0]
HO, 2 ;
" OH a HO, OCH20H3 b OI' OCH20H3 c
HO™ HO™ ‘ o
OH OH ‘ OH
7 8 9

OCH,CHs f

—_—

Scheme 1 (, tha =, p-TSA, toluene,

100°C, MW, 15 m (c TiCl,, DCM, -35°C, 1

hr. () KHCO,, H,OfEtOf, 60°8, 1 hr (i) N 4,01, H,0, EtOH, 68°C, 14 hr,

(g) Pme,, THF, C '3'N ., NH,Cl DMF, 70°C, overnight.

' i o)
WSS | S— -'fa J\
——ri S
d O
o H :

4P |

ﬂ@ﬂqumﬁwﬂln@*

Z 1

F’MC 31, R= CHy-CH=CH- PMC-33, R= CHy-CH= Chis, PMC-36, R= CHpECH-
’QWﬁzﬁCﬂﬂ‘iﬂﬁm ﬂ??lﬁl’]ﬂ d

‘ Scheme 2 (a) Acyl chloride, NMO, DCM, rt. (b) Pme,, DCM, 1M HCI, rt. (
aldehyde, DCM, then NAHB(Oac),, 0°C to rt. (d) 1M aqg. KOH, dioxane, 4 to 23

hrs, rt.
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3.1.3 Flavonoids

Thirty three flavonoids were extracted and isolated from Dalbergia parviflora Roxb.

and Belamcanda chinensis (L.). The methan | extract of these plants were isolated

\
using several chromatographic techniques

' ‘*

oids structures were determined

from their UV, IR, NMR and 22005, Umehara et al., 2008).

WXyresveratrol (36) was

obtained from Profes hemical structures of 36

i i i awuid. TG
flavonoids used in this SFimel ¢ '°."

Daidzein (1) and Quercetin

6-10 and Figure 3.

Table 6 Chemical sffuc

No. Chemical names R5 R6
1 | Daidzein H H
2 | Genistein _ H H
3 | Calycosin °—:,r==::==_;==:== . OH H
4 | Biochanin A f. H H
9 | Tectorigenin _ H H
6 | 3-O-Methylorobol ."‘n‘ OH H OH OH OMe H
7 Khrmf 0O ] B OMe
8 Therahu | OH H H | O OMe
9 | 2-Methoxybiochanin A OH H OH OMe

‘a nin ‘ »‘ O |
117 Irilin D OH OMe OH OH




Table 7 Chemical struc ' | ‘ in the experiment

=

No. Chemical names ™ R R2- R3 R4 R5

12 | (3R)-7,3'Dihydroxy-4'- T - S— o -

methoxyisoflavanon

13 | (3S)-Sativanone ¥y A NN \ H OMe
14 | (3RS)Vickarnondl® 4 4 Bl 15 AR\ OH OMe
15 | Dalparvin B r | S T e |. OMe OH
16 | Dalparvin ¥ Me H OMe
17 | Secundifiorol H OH S \\O OH OMe
18 | (3RS)-Onogenin 4 Hywa | ik p-CH, | H OMe
19 | Dalparvin A F 4 =7 ':; H OMe
- {:}}‘

) o

AUANNINEIN

_ _ Chemical names A a2l R e H 2
25)4 Liqliritige 1!!. Vil | A-¥

2‘ | (2S)-Pinocembrin _ OH ) H

23 Alpinetin OMe H

24 (28)-Naringenin OH OH
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Table 9 Chemical structurs of flavans used'in the experiment
No. Chemical names - R3 R4
25 | Duartin - “\"P"— OH OMe
26 E e O
(BR)(+) Mucronulat \\:,t___‘* Me
AEEE -//m\\\- on
(3S)- emethy duagtil / \ . \‘\ e
28 | (3RS)-3-Hydrexy-8 / ' ' OH

meth oxyvest|to|

29

Sativan

OMe
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OH
o
OH O HO

Resveratrol (33)

3.2 Chemicals and reeé

®

\ | (MUNANA) (Gold-

mb CO KG.)

- 2—N—morpholino—ethane : ;.....,’:
- Calciu chloid Sit ﬁ , |
- Daidzein(Sigma) U—
- DMSO V

.' )
- Ethanol (S ;I a)

- Quercetin( S|g?wa

%ﬁﬂ’mﬂﬂiwmﬂ‘i
ﬁmmmmuwrmmaﬂ

- Vortex mixer (Scientific Industries)
- Refrigerated centrifuge (Beckman Coulter)
- Incubator (Memmert)

- pH meter (Eutech)
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3.4 Methods

3.4.1 Establishment of in vitro neuraminidase inhibition assay set-up

A serial dilution \ : gafried ! a ‘ plate. For this, 100 yl
of 2 MM MUNANA 183 o L\ _ ¢
thoroughly mixed into i€ firsi onfaini g 100 pl, M S pH 6.5 containing 4
mM CaCl,. 100 pl of thi | srrec » well containing 100 yl
of 33 mM MES pH 65 con Mlane obtaining a two-

fold diluted solution of ML The /as continued up to the

,ﬁ% . 25 added). At the end of
3 ' .

the dilution process eac 7 -n"’ soluti e fluorescence intensity

seventh well, with the eig

was recorded at excitation w h;-f S Aniee ssion wavelength 460 nm.

3411
J ’-‘,_,

-. H, ,‘
A serial dilli{Gn €l For this, 5 ul of 0.57

mM 4-MU in etnanol! t well containing 195

Ere adde 0 the m
ul of 33 mM MES pH 6.5 containing 4 mM CaCl,. 100 pl of this solution were transferred

to the seco Il conta nin CaCl, in the
same vertical Iau%fm g Iufi N %l}a/]\lﬂ -fold dilution

process waS%ontmued up to the Seveeth well, with the etgntn well used as blank

SRTANTE UNVITNHIA 3

every well. The fluorescence intensity was recorded at excitation wavelengtn 355 nm

and emission wavelength 460 nm.
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3.4.1.2 Effect of pH on fluorescence intensity of 4-MU

Ten microlitres of 0.57 mM 4-MU in ethanol were diluted in 90 ul of 6 different
buffers: 0.1 M Glycine pH 2.5, 0.1 M Sodium acetate pH 4, 33 mM MES pH 6.5

containing 4 mM CacCl,, PBS pH 7.2, 0.1 A e pH 10.7 and 0.1 M NaHCO, pH 12.2.
The fluorescence intensity was rded at excligtie elength 355 nm and emission

wavelength 460 nm.

Lyophilized 0o and H7N3 were
dissolved in 0.5 ol  waler sStoek solutions ef. these recombinant

neuraminidases and ipdctivate: Virus solufionwere prepared by diluting the

supernatants in 33 mM 4 8.5 contain ' “42. The N1 containing

\s activated H5N1 virus

To measure the neu@mini _ VY | ot of these solutions were
mixed with 90 Hi of 33 mM MES BELBA containing MM CaCl, and incubated at 37 °C
with 25 4l of 500 uM M f"g R i i snedium binding ELISA plate
(GREINER). After WW_ by adding 100 pl
of 0.1 M Glycine pi1 # of each reaction

mixture was then re@ded by usi abe cou@ (Perkin Elmer) with

setling excitation and em ission wavelengths at 355 and 460 nm respectively. A standard

:SZZ;;EWH“‘? UHTISWE TS
m;g;ﬁﬁiw O ieN T AEE

solution was dispensed in the wells of a medium-binding strip. In wells A1 through E1,
5pl of each standard concentration of BSA in 33 mM MES pH 6.5 containing 4 mM CaCl,
were added and mixed well. In F1, 5ul of N1 and N3 diluted 1:50 and 1:100 were

added. The solutions were mixed well and the absorbance was recorded at 500 nm. The
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recorded absorbance of the standard solutions was plotted as a function of BSA
concentration to get a standard curve. The concentration of the sample was determined

from this standard calibration curve.

3.4.2.2 Determinatior onstant for MUNANA
For the determinati , f the diluted supernatant
containing the recombina rw and eighty-fold for
H7N3) were incubated at CaWith an |equal v UNANA spanning the

concentration range AV The ree velocity was measured every 30

minutes for 2 hours.

3.4.2.3 Detaermi @r 0SE
N & ﬂluu ".

To conveniently dete A m eltamivir carboxylate for neuraminidases

H7N1 H7N3 and H5N1, a 961(12 x8\wells ricrotiice plate was used as an array of
' Ny

reaction vessels, The concentrah -..-.- bstrate were kept constant in all

of the wells, while th n entr SPTHE ikl jaried b rforming a two-fold
w e conc _nl_,f_{%a WL -y pe g

-

dilution along ~;’ ' 51, In well H1 the

inhibitor was not &{ ‘! incubated for 2
hours, the substrate %\IANA Vas ¢ ~The cm%e reaction mixtures
were then stopped in a sequentlal manner of time course: 30 minutes for the vertical
lanes A1-H ﬁ { ding in this
way, the ﬂuE uuﬂgm me waﬁﬂ ﬁ t time would

give the kinﬂc of MUNANA cleavaa'e in the presegle of the highesteiywibitor

concentration, and so on and so forth. The fluorescence reading of the wells H1, H2,

H3,+«+H12 plotted against time gives the kinetic of MUNANA cleavage in the absence

of the inhibitor.
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3.4.2.4 Ki determination for recombinant neuraminidases H7N1 H7N3 and

inactivated H5N1

Ninety microlitres of 33 mM MES pH 6.5 containing 4 mM CaCl, were dispensed

in each well of the plate except for the fire {lLof each lane. In the first well of each
vertical lane 18 pl of 0.01 mM oselta : | | UM for H7N3 and H5N1 were
| ‘V CaCl,, the solution was
thoroughly mixed to obtATNERSBIENG 51 5 i , 11d 0.05 UM for H7N3 and
‘ ‘ . ithdrawn from the first
ing a two-fold diluted
solution of oseltamivir i€ 2-i6lcl dild rocess was contin ol to the seventh well,
with the eighth well Qse s Plar ; 3 he end of the dilution
il ) L\ | of enzyme stock
;~ MUNANA were added
to each well, the finaicon‘ ot QE i r! ir :'m <ylate spanned the range 10-
643 nM for H7N1 assay

dH say. After 30 minutes of

. . e | )
incubation, 50 pl of stop the first vertical lane, and the

s (60 minutes total) the stop

fluorescence was recorded. Aft gjﬁﬁﬁg

solution was add dhto ghce recorded. After

additional 30 min %{x _______ "-.;ﬂ» the third vertical

ﬂce S was ;ﬂormed in duplicate.
he reactions were plotted against the concentration of inhibitor
and the data were anal %cﬁcordm to Dixon 1953)
i qmﬂm?NBWﬂﬁ
SBaVal i f nelirami it
1m re
aen e ﬁﬂ nﬁ m mmqu ﬂﬂ’tr ﬁﬂte

solut|ons (1 mM for H7N1 inhibition assay and 10 uM for H7N3 and H5N1 inhibition

lane and the fluores

The initial velocities

assay) were added and the solution was thoroughly mixed obtaining a 0.1 mM (for
H7N1) and 1 uM (for H7N3 and H5N1) oseltamivir concentrations. A 10 ul aliquot of this

solution was transferred based on ten-fold dilution to obtain a 0.1 nM solution of
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oseltamivir for the H7N1 assay and 0.001 nM for the H7N3 and H5N1 assay, the final
volume in each well was S0 ul. To each well, 25 ul of the enzyme stock solution were
mixed with the oseltamivir solution and incubated for 2 hours at 37 °C. After the

incubation time, 25 pl of 20 uM MUNANA ere added. In the reaction mixture the final

concentration of oseltamivir carboxyl ‘ >diin the ranges 0.064 nM-64.2 uM for

H7N1 assay and 0.64 pM-64 ) r H7N3 and After incubating the plate
for 5 hours at 37°C, 50 | ‘_ ‘%& pH 10.7 containing 25%
ethanol) were added. T ' ontained in each well was read
with the Victor ° multila

concentration (IC.,) was

determined from dose- m‘ 5; GraphPad, San

Diego,CA).

3.4.4 > _o' pounds

3.4.4.1
| againstrecombinant H7N'
-

In a microtitre plate, 90 p 7 uffer pH 6.5 containing 4 mM CaCl,
were dispensed in_a suite ¢ ndmber of wells 035 wa “nsoluble in 33 mM
MES buffer pH “v l-ur--lmm--vvrﬂ-l-ml_u-u-l-llﬂ-nrlﬁzﬁ i '] mM Ose|tam|\/|r
carboxylate and “ans 11 and the solution was

i

thoroughly mixed oinmg a 0.1 mM inhibitor concentration.. j,;. 10 ul aliquot of this

solution was transferre@'ip&second well and twyughly mixed, reaching after dilution

an inhibit ng %ﬁ%ﬁ w ﬂ'ﬂ iseventh, 0.1
nM inhibitogGoncentration was obtained, at the en - dilutio rocess. Each well

contained a final volume of S0 pt. 25 \ of enzyme stokssolution were addéd/to each
AAFAIAIRHATIREFRH -
plﬂ)f a 20 yM MUNANA solution were added, with final concentrations of oseltamivir
carboxylate or its analogs spanning the 0.064 nM - 64.2 uM range. After incubating the
plate for 5 hours at 37°C, 50 ul of stop solution (0.1 M glycine in 25% aqueous EtOH, pH

10.7) were added. The fluorescence of the solutions contained in each well was read
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with the Victor’ multilabel counter. The 50% inhibitory concentration (|C50) was
determined from the dose-response curve using the GraphPad Prism 5 software
(GraphPad, San Diego, CA). All measurements were replicated in three to five

independent experiments.

t recombinant H7N3

ivir free acid;
were dispensed in a

suitable number of wells.i i@ ‘ ¢. Namely, 10 pl'ef 10 uM inhibitor solutions

of this solution was transferge 1 ond v 1€ | thoro ) 1ixed obtaining a 0.1
UM inhibitor solution. T s F gontinie the -\ nth 0.001 nM solution
was obtained, at the énd o i oces \Fach well contained a final volume of

, and the mixtures were

incubated for 2 hours at 375 ; frer th c ime, 25 pl of a 20 uM MUNANA
solution were added, with final co- ( eltamivir carboxylate or its analogs
spanning the 0.00064 nM.-642 nM range 5 the plate for 5 hours at 37°C

50 Hl of Stop sol ils ;:;:ﬂ;m;.:m-lv;;ﬁﬁz’—-&* ere added. The
! 3 LY
fluorescence of the=sol W 'i’ e \/ictor3 multilabel

¥
counter. The 50% initory concentration {IC,,) was determined_ from dose-response

curve using a Graph?ad Prism 5 softwar%)GraphPad San Diego, CA). All

”‘easuremﬂﬁﬂc’ﬁj”ﬂﬁﬂﬁ W”Ei\"%’fﬂ'ﬁ

Procedure f()%?MC 31 (1), PMC-32 ( PMC 33 ¢

response curves using the GraphPad Prism 5 software (GraphPad, San Diego, CA). All

measurements were replicated in three to five independent expéeriments.
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3.4.4.1.3 Analysis of inhibition against virus solution H5N

In a microtitre plate, 90 pl of 33 mM MES buffer pH 6.5 containing 4 mM CaCl,

were dispensed in a suitable number of wells. Since PMC-35 was insoluble in 33 mM

MES buffer pH 6.5, 10% DMSO was .ln\q‘ I
PMC-31: 20 ul of 10 mM X_K\‘ & addedina first well, and the solution was

PMC-32, 33: @M of 0fraPMC-82, 33 \ jedin
solution was thoroughly# ; I obtaini 2 ln'\\{

aliquot of this solutio ifansfergd, ; _
after dilution an inhibitag'conge Uon M . ‘

seventh, 0.1 nM inhibitor cancer -o"

PMC-34, 35, 36 and seltmﬁ

he first well and the
entration. A 10 ul
ughly mixed, reaching

as continued until a

PMC-34, 35, 36 and
e as thoroughly mixed obtaining
a 1 uM inhibitor concentrat\on 7 ) allg 0 solution was transferred in a
second well and r"o;'n : ibifor concentration of
0.1 uM. The proce 3 doncentration was

obtained E
At the end of the dHution process, each well contained a final volume of 90 ul. 25

pl of enzy tock so eac tu e incubated
for 2 hoursﬂ u e th Om FJ ﬁ\lﬁolunon were

added. After%cubatmg the plate for %hours at 37°C, 50 pl of stop solut|on 01 M

?ﬂﬁﬂﬁﬁﬁ?ﬂﬂﬁﬂ? YIEITAE,

concentranon ) was determined from the dose-response curve using the GraphPad
Prism 5 software (GraphPad, San Diego, CA). All measurements were replicated in three

independent experiments.



3.4.4.2 Flavonoids

3.4.4.2.1 Inhibition test of flavonoids at 714 uM

37 °C for approximate , " Suler sd by adding 50 pl of stop
solution (0.1 M glyci ; i ]  ; 0 nol) e fluorescence was

measured by using th o ralld |_Gour or (Perkir n.\‘; with excitation and

Flavonoids show: ' '@;, be (o 50 Iiro previous experiment
‘ | 10 ul of 2 mM flavonoid
solution were mixed with 804l of 38 47 5 4 mM CaCl, in microtitre plate. 25
Ul of enzyme solution were then -o.f.r:_ al ‘....‘ \was incubated for 2 hours at 37 °C,

then 25 ul of 20 uM.MUNAN weTe addec ifitiate the enzymatic reaction.

After incubating ™ dhe reaction was

terminated by add a 50 10.7 containing 25%
Ethanol). The fluores ce was measured by using the Vrictor3 label counter (Perkin

Elmer) with excitation and ﬂssxon wavelengthsvSS and 460 nm respectively.

ﬂ 14 &7 wam ST
a microtitre plate, 20 u 0 mM flavonoids®were added in th& first well
AL GYAKE: I@%H deWhadad Y o Gl
thoa)ughly mixed obtaining a 1.7 mM flavonoids’ concentration. A 90 ul aliquot of this
solution was transferred in a second well containing 90 ul of 33 mM MES buffer pH 6.5

containing 4 mM CaCl,, reaching after dilution a flavonoids' concentration of 0.55 mM.

The process was continued until the seventh, 8.7 uM flavonoids' concentration was
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obtained. At the end of the dilution process, each well contained a final volume of 90 pl.
25 pl of enzyme stock solution were added to each well, and the mixtures were

incubated for 2 hours at 37 °C: after the incubation time, 25 pl of a 20 uM MUNANA

solution were added. After incubating ! ate for 2 hours at 37°C, 50 pl of stop solution

ded. The fluorescence of the

solutions contained in each vell was i ic ﬁJltilabel counter. The 50%

ermined from the e-response curve using the

- CA). All measurements were

3.4.5 Quenching St of. i ojf " B f4MU
Ninety micr' ‘ \d serial diluti flerent flavonoids dissolved in 44

% methanol in 33 mM W

20 uM 4—methy|umbe|lifeoe & 10 63 all , 50 pl of stop solution (0.1
M glycine, pH 10.7 conta added. The fluorescence was
measured by using the Victo ] in Elmer) with excitation and
emission wavelengths of 460 nm resp
S
Y

AULININTNEINS
AN TN INAE



CHAPTER IV

RESULTS

The assay s rs to obtain optimal

experimental condition nit of detection of the
reaction product by usi ; E ignal ) he 4-MU analysis. In
the experiments, the mi r WEOJ tra / ' e detected was found
A A \‘ ] per well (The limit of

detection was set frormthe fili ‘ f 4-MU in which 3-fold higher than

standard deviation of blark). THe ion! mix @s -\- as follows: 1 mg of 4-

ml . Ppendort, ! ~\ serial dilution of 4- MU with
33 MM MES pH 6.5 containifg 4/ #M-CaCl.. ran m 17.3 nM to 141.9 mM in a total
volume of 100 ulin a tramsparen i bindh IS A plate was carried out. 100 pl of
stop solution weresadde e fludrescence intensity.
The results sho v\: ffffffffffffff l;*:‘ nearly when the
d "rf,-'. the saturation of
vas then observed (Figure 4). The Iimea’
fluorescence intensity o"élﬁ was in the range 670 nM to 35 uM. We also noticed that

oA AT W G o

instead of tmblack well plate normaHy used for fluorometric analysis without hampermg

W“Tmﬂsm UNIINYAY

concentration of 4-

I
|
ol

fluorescence intensi ange for detection of
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40

304

Relative Fluorecence Unit x 10

Figure 4 Fluorese 3nMto 141.9 uM

In terms of pt v determined at the

concentration of 1 mgim! /cine pH 2.5, 0.1 M Sodium

acetate pH 4, 33 mM .. PBS pH 7.2, 0.1 M Glycine
pH 10.7 and 0.1 M Na e fluorescence intensity
of 4-MU increased when ) Among 6 different buffers,
0.1 M Glycine pH 10.7 a‘“ JpMENal Nory » .‘ :the optimum buffers that
fluorescence intensity of 4-MU reac T,?_ iatensity. From this experiment, we
chose 0.1 M Glycine, pH. s a stop soluftior 7 fluorgscence intensity of

4-MU.

4

Unit x.°

AUl N9
a1 d

Figure 5 Effect of pH on the florescence intensity of 4-methylumbelliferone.

luore

Rel
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4.1.2 Characterization of neuraminidase from various sources

4.1.2.1 Recombinant H7N1 and H7N3 neuraminidases

The development of neuraminidase.i

t

| screening assay required preliminary

e recombinant neuraminidase

rometrically using 2°-(4-

methylumbelliferyl)-01-D-a6e JFaminic "acid q the substrate. The
amount of 4-MU ) ; ymati ' then determined by
comparison with the

aingd by n scence intensity of

an authentic sample o ) concentration. e howed that the total

protein concentration‘of ere i thé same level (19.6 +
1.8 mg/ml for H7N1 %m‘ {P]_“‘ N as the specific activities were
quite different, with only.€ forﬁﬁ ' a ten fold high(0.4 mU/mg) for H7N3

(Table 11).

Table 11 Total protei 7 : ific a ivity of recombinant H7N1

abadnaid
and H7N3 —
= £ B
i o Specific activity
Avian Influenza 8

- U/mg)*
H7N1 » ; 0.04
H7N3 ' ' o6t4 ‘ 0.4

* One unit of enzyme ac&“/ E is defined as the arﬁjnt of active neuraminidase enzyme

”ﬁﬂ”ﬁl@% BATWEIN

zyme activities of H7!¥ and H7N3 were further charactenzed by

IR TN AT ININ e

0-2000 uM. The initial rate of the enzymatic reaction was then plotted against the
substrate concentrations. As shown in Figures 6-7, both neuraminidases preparations
showed well behaved enzyme activities against substrate concentration band on both

the normal and Lineweaver-Burk plots. The Michaelis-Menten constant obtained for
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neuraminidase H7N1 appeared to be 400 + 60 uM (Figure 6, A-B,Table 12), while the

Michaelis constant for H7N3 was 87 + 4 uM (Figure 7, A-B, Table 12).

150000

1000004

50000+

Velocity (RFU/min)

oF .
0 500

ll'
Substrate co ( j ) N,
Figure 6 Nouféminidesgl kingtics (A) and Linew urk plot (B) of the

recombinant H7J : |
150000

106000+

500004
1

Velocity (RFU/min)

L1004 .00, | 005

Subs @ ‘concentration |

Figure 7 Nm V."r; plot (B) of the
recombinant‘ Sneuraminidése ﬂj

¢ a N | |
BRI I W TS
carried outlinlordéi't | termine th ibition censtants, Ki;y of ltamivif carboxylate.
By plotting the initial velocity of the rq,bction against thoncentration of Wtamivir

RAGRIUHNIINHIRE:
each o igures 8A-10A, the Ki va Ués for recombinant

f the enzymes. As shown in

o)

neuraminidase H7N1 and recombinant neuraminidase H7N3 were found to be 23.5 +
7.2 nM and 0.12 + 0.11 nM, respectively (Table 12). Based on these data the IC, of

oseltamivir carboxylate could be calculated using the following eqguation which was



found to be the values of 25 + 4 nM for recombinant neuraminidase H7N1 and 0.2 +

0.02 nM for recombinant neuraminidase H7N3.

Table 12 Enzymatic characterization of the recombinant H7N1, H7N3

neuraminidases, and the inactiv virus solution
k. 1 |
K N 5D Ki +SD
Recombinant protein oy R e .
= A (nM)
N1 ' F I 235+7.2
N3 L 4 )2 $0,02%, 0.12 £ 0.11

Inactivated H5N'1 - ‘ 0.4 + : -

° K. 1C.,and Kiw taig

*ICs, is @ concentratio & neuraminidase activity.

0.004

-1

)
o
o
o
s

0.002+

1V, (RFU/min
o)

00017

Oselt

Figure 4 DXc - for inhibition of

oseltamivir cﬁnxy\ate , eurammjase

0.0008

A 1 ?m@

0.00 50

PFRINTHI YU

T : 1 1
-Om -025 000 025 050 0 2 10° 102 104 10°

Oseltamivir [nM] Oseltamivir [nM]

-1

o (RFU/min)

Figure 5 Dixon plots (A) and a dose-response curve (B) for inhibition of

oseltamivir carboxylate on the recombinant H/N3 neuraminidase
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4.1.2.2 Inactivated influenza H5N1 virus (A/turkey/turkey/1/2005)

For characterization of the inactivated avian influenza virus H5N1, 25 ul of this

solution was incubated with 20 uM |\/|U-NAN. A stop solution (0.1 M glycine, pH 10.7

containing 25% Ethanol) was then addec hours of incubation time. The

/ el counter (Perkin Elmer) with
ﬁ nm respectively. The
neuraminidase activity was ' ai I lous. «uo of viral solution. It was
found that neuraminidase 7 solution since enzymatic
activity decreased when t 10A). An eighty-fold of

n oseltamivir. A well

behavior of a dose-respar Irvg Stai ( jure 10B). ICHO value was found

20+

154

104

NA activity(nmol/hr/ml}

: = 103 108
Dilution Bfnactiv: o Jir [nM]

Figure 10 Neuraminidase acti B Cose-r nse curve (B) of

inactivated H5N1‘;rus

AULANININYINT
Mﬁmﬁmﬁmﬁmm N

reaaion vessels. Each vessel could be used to test a single compound at a given
concentration. Practically, each test compound is incubated for two hours in the
presence of the neuraminidases (H7N1, H7N3 and H5N1), and afterwards the substrate

is added. The reaction mixture is then incubated for 5 hours at 37 °C, followed by
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stopping the reaction by addition the suitable amount of the stop solution. The
fluorescence intensity in each well is read by using an excitation and emission

wavelengths of 355 and 460 nm respectively.

To validate this assay set-up he specific neuraminidase inhibitor
oseltamivir carboxylate as a bel o ik C: d, with different concentrations in
order to assess the sensitiviby.: e ‘ ) ystem. The reproducibility of
the fluorescence reading'was evaluats MiNIAG e.| m and between-assay

d that the within-assay

\\
\ \ between-assay CV

neuraminidase H7N > {0 | i \ »
values were found to b€ 12%, 3 or rec \\ euraminidase H7N1,

H7N3 and inactivatet ‘
\.

nM respectively (Table 12). o onis: es obtained are shown in Figures

8% for recombinant

||c e experiments. The
IC., values of oseltamivi H7N1, H7N3 and
inactivated virus H5N1 shg ‘ +0.02nM and 0.4 £ 0.1
8B-10B which also gave th ymes in good agreement with the
values obtained by the inhibi ._-;_,_; 7 afirming the robustness of the
assay. |

Y A
4.3 Neuraminidase iﬂ)itory 3 , pounds |
!

HUETNENS NGNS

Five qntheS\zed oseltamivir ana\ogs were tested for their neuraminidase

W*ﬁﬁ@ﬁ%ﬁiﬁﬁﬂ"ﬁ@“ﬁ Ny
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NN 0 e e

O/ _ O/ e O/, -t
' . : 0 K O K
HNT > DHHNT™ HN™ ™
= N3 N = NH,

PMC-31

O/, o} K+ : e
0 .
JMHNT™ .
NH,
PMC-34 (Oselta PMC-36
C-34) and oseltamivir

Figure 11 T

analogs.

recombinant  H7N1

neuraminidase

All the inhibitors wer .-..,:‘..;._..7

E’ﬂ ‘ ‘J' ‘

to 64.2 uM. A dose-response cCt -‘-__i.... ‘obtal each compound. Fitting of the

centrations, ranging from 0.064 nM

experimental data allowed '5'}" ., for each compound; the

experimental data aré dbe six compounds is

o
also shown for twals e ) it ure 13.
-lI V
i
b

inhibitor of N1 activity wﬁﬁe panel of tested opmpounds, displaying an ICy, of 14.6 +

oo S AR HBANG

prepared squle of oseltamivir, PMC-34, was also included in this analysis and it

splayed.an IC.. of 3 + 3.2 1M (Table 1 oA PMC-35 displayed ad IC.. of
g ﬁw bl ane

an PMC 31 had a limited mhlb!tory activity with an IC,, of 138.9 + 21 uM and 51.6 £ 3.0

The analysi the experimental data indicated that “"l, C-36 was the best

UM respectively (Table 13).
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- FM(C-31
& PMC-32
o PMC-33
PMC-34
PMC-35

‘ PMC-3G
! - Com Oselt

% NA activity

(@)
o
1

Figure 12 Dos logues against H7N1

neuraminidase

% Inhibition _

Compr‘nds
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150
PMC-31

PMC-32
PMC-33
PMC-34
PMC-35
PMC-36
Com Oselt

N
o
T

% NA activity

tot bt

Figure 14 Dos alogues against H7N3

neuraminida

\' 42 M
\ 642 M

% Inhibition

LR
o “t
Q® Q.&

Figure 15.] &:;mnm::ﬁmmm' -v“ 3 neuraminidase
Y Y )

Among the tesﬂ compound 5, PMC-34 and @wmercial oseltamivir

showed a potent mhlb@ry activity on neurammg)se subtype 3 with IC,, of 0.1 £ 0.03,

SN 071N 110 10301 R

uM for PMC-31. The data for the wholefBet of tested compeunds is reported infTable 14.

PRNNIUARTING TR Y
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Table 14 IC,, values of oseltamivir analogs against H7N3 avian influenza virus A

IC,p = SD on H7N3
Compounds
(nM)
PMC-31 99,295 + 32,416
PMC-32 22+14
PMC-38 4512+£1,172
PMC-34 (oseltamivir) 7 0.1+£0.08
PMC,36 0.1+0.03
PMC+86 ‘ 28.1+9.7
Commercial gseltamivir A & 02+002
Oseltamigir cagboxylate ~ 29° -33°

? Influenza virus A/duck/Singapore/3/9‘7 (H5N8)
> Influenza virus: AlluCKIGermaty/1215/8 (H2Ng)

b

4.3.1.3 Neurafinidasthihibitorydetiuity on 5N 1 neuraminidase
J

The concentration of oseltamivic analogs ugéd in this study can be divided into 3
ranges. For PMC-34, the'concentration startea fromO-Oél UM te 1.174mM while PMC-32
and PMC-33, the Colecentration-spanned-the-range-ot-0:06-nivi=te=64.28 .M. For PMC-34
(oseltamivir), PMC-35-and PMC-36, the concentration was in raage of 0.64 pM to 642
nM. It was found thattPMC-35 showed the inhibitory effect with the IC., of 1.7 £ 0.2 nM
which close to that of PMG=84 (oseltamivir carboxylate, IC,, = 1.2 + 0.1 nM). PMC-36
also display@d good inhibitory activityiwith the IC 3 ofi2ls 204 nM while PMC-32 (IC,, =
53.6 + 4.3 nM) showed moderate inhibitory effect compared with PMC-35 and PMC-36.
We also_found that PMC-31 and PMC-32 showed less inhibitory activity among tested
cempounds withsthe G, 1ofl 244 #2161 uM.and/59.7 £ 56 uM fespectivelyilihe Gose-
response curves for each compound are reported in Figure 16. The inhibitory activity of
the six compounds is also reported for two selected concentrations (6.42 nM and 642
nM) in Figure 17. The IC,, values of all the tested compounds on avian influenza A

(H5N1) are reported in Table 15.
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Table 15 IC,, values of oseltamivir analogs against H5N1 avian influenza virus A

IC.,+ SD on H5N1

50 —
Compounds
(nM)

PMC-31 59,678 + 5,651

PMC-32, '“\W, | 53.6 £ 4.3

" 94007 + 2.651

PMC—

PMC-34 (csell 1.2+01

l//ﬂr‘\\\\\\ 17402

P/ IE RN SNV

oo ff \\\\\\ esos

= 4 T AN

* Influenza virug: A/ 03/2'%’9 vork 09
®Influenza virus: A Wh / ,‘" 44 \ vorkova et al., 2009)

..

_"‘l‘ -l',l‘

4.3.2 Flavonoids

Thirty three flavor s 16-20, F estgd for their inhibitory

L _ ,_ X
activity on neura Ases ) and H5N roperﬂes of the

flavonoids were scr jon of 714 uM, after

incubation with the "@hzyme the reaction was started by addition of MUNANA. The

reaction mixture was in&ﬁd at 37°C for 5 hblfs and the reaction was stopped by

LT O Tiarale S

compared t(Mwat of the reaction in the absence of ﬂavonmds The obtained results were

ﬁ‘ﬁﬁmﬂ‘iw URIINYIA



Table 16 Chemic

inhibitory ac
No. Chemical namesy
2 | Genistein
3 | Calycosin
4 | Biochanin A
5 | Tectorigenin OH
6 | 3-O-Methylorobol
7 | Khrinone C
8 | Theralin
9 | 2'-Methoxy
10 | Cajanin
11 | Irilin D OH

OMe

75

R5 R6
H H
e OH H
H H
0 H H H
OH OMe H
OMe OH OMe
H g H OMe
H OMe
H OH
OH OH H

AULININTNEINS
ARIANTUNIINAE




inhibitory activity

HO
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D

N

No. Chemical name:
12 | (3R)-7,3'-Dihydro:

methoxyisoflavar
13 | (3S)-Sativanone
14 | (3RS)-Violanone 7 \ 1
15 | Dalparvin B :.
16 | Dalparvin -ﬂf |
17 | Secundiflorol H “OHi idl'-.
18 | (3RS)-Onogenin ij_‘._" /
19 | Dalparvin A T |- 4

é}?

H OMe

OH OMe

OMe OH

H OMe

OH OMe

-CH, H OMe
H OMe

=

AL LRI

YHAINHRT

(2S)-Pinocembrin OH H
23 Alpinetin OMe H
24 (2S)-Naringenin OH OH




Table 19 Chemical "-l :

inhibitory activity

77

CHEmR

26 )-Mucrentila ////‘ “\\\\\\\ \\ OH | OMe
27 | (35)-8-Demethy a //5 .\\ \ L ove | oH  ome
28 | (3RS)-3'- Hydrox ill \ \w OMe OH OH
2 |savan IIM N RLENES
hii
Table 20 Chem‘aﬁructureg of Pterocigans tested for avian neuraminidase
mﬁwﬂqwﬂwswswni
Qmmwmmm 7 pm a 0

31

Melilotocarpan D OMe

H




Table 21 Inhibi

HO

OMe

Obustyrene (

78

S B 5,

32) Res eratrol (33)

Figure 18 Che>mic StFUCH s

of neuraminidase in

influenza neuraminid

Iriflophenone (35)

% inhibition at a

D Class centration of 714 uM
H7N3 H5N1
2 Gemst» 53.1+£10.7 441 £ 5.1
3 calfts JW; 40,1 + 3.4 37.7+85
4 ::::.‘.':...:';é 401 £ 7.7
5 1973 205+6.2
6 _ 3-O-Methylorobo 33.2@0 413+8.4
Isoflavones
7 rinone C 452 +14.9 83.6 £ 5.1
¢ Bgnone Q/
8 ﬂuﬂ ner Qﬂ@ﬂﬁ&mnm
9 m ' 2'-Methoxybiochanin A ‘ 8+15 419+36
10 , | Cajanin ¢ _ 1| 352%88
N AR
121 (3R)-7.3-Dihydroxy-4- 75.2+0.4 812+18
[soflavanones methoxyisoflavanone
13 (3S)-Sativanone 472 +2.7 401 +95




Table 21 {continued)
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% inhibition at a
ID Class Chemical Name concentration of 714 uM
H7N3 H5N1 J
14 (3RS)- 48.9 + 3.1 555+6.6
15 58.3+0.3 71618
16 +0.4 76.0+4.0
Isoflavanones
17 . joral H 03 | 564+83
18 n 3 64.3+3.2
19 — .5 60.2 + 2.7
21 sl ighidfigestn + 6.6 847 +15
22 ) Pingcembrin 1 £418.2 62.3+5.7
Flavanones A -
23 Al oy 38 | 30651
24 S) Nagingerin - +144 | 676+13
25 Duftin Lfat 53+50 | 302+13.1
26 Jcragllator < < < 5420 5.8+2.4
Isoflavans =
27 (38)7— | INyldu ‘ 67.9+14 81.9+15
28 + g4 | 58503
29 E : .‘034 79.1+£5.9
30 " | 3-8-Dihydroxy-9- 40.1 £96.1 74.8£1.8
Pterecarpans
32 ﬂ
ARTES
3. noBhdad ON ¥
q
36 Oxyresveratrol
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The phenolic structures shown in this study can be divided into 6 groups:
isoflavones, isoflavanones, flavanones, isoflavans, pterocarpans and miscellaneous. The
analysis of the data reported in Table 21 indicated that at the concentration of 714 pM,

nidase inhibitory activity among 2 subtypes

Irilin D (11) showed the highest neurami

the Isoflavanones class showed a
ﬂni idase subtypes at this
V&S)—Liquiritigemn (21) that
showed potent inhibitory Activity-esp: on , H5N1. For Isoflavans
class, (3S)-8-Demethyldua 27 -l ‘q- - inhibitory  activity against all
neuraminidase subtypes whéreas i 29) u en inhibitory activity only on

.in
neuraminidase H5 ' )carpans, the i Q.\; of fluorescence

significant neuraminidase

concentration. In the flave

intensity of 4-MU on H5N vad f 9-methoxypterocarpan (30).

In the miscellaneous classf Resv , otent inih itory activity against all
g ¥ i 1 !
neuraminidase subtype yresvera (36) also e ted potent inihibitory
activity against H5N1 neu inid %ﬁ\y,ey those \ oliec compounds causing a
i 9 25 ¥
S . { P e, e
significant reduction of the fl egc fjﬁlh‘ 4-MU were also re-tested at lower
= T i iR ‘
B i i o
concentration (142 uM). The obtalfhed results were displayed in Table 22.

AT )
TELTON

Table 22 Inhibif ONgH7N3 and HOSNT

neuraminidas

s
| =

Y )

@ inib‘@w at a concentration
ID Class ! ~ Chemical Name of 142 uM
o~ Ca g | [ HoN1
7 ﬁ—ﬁ Hrinar 1 Tl - I £549+28
| . i
8 Isoflawmes Theralin ¢ - 48.9 +2.72
3 i *
M3 50.2 £
methoxyisoflavanone
14 | |soflavanones | (3RS)-Violanone - 282 +46 |
15 Darparvin B 37.4+0.4 44.8 +5.9
—F Darparvin 46.0+2.8 36.8+6.4
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Table 22 (continued)

% inhibition at a concentration
D Class Chemical Name of 142 UM
AT, H7N3 H5N1
18 (3RS)- %\:\\‘ } 29.0+£ 456 33.2+05
Isoflavanones _—
19 [ s 2.4 +20 28.3+3.4
21 | (2 [ geRin o il O 57.9+35
22 Flavanones 322+ 4.4
24 36.9+46
27 52.7+3.0
Isoflavanes
28 1 422+ 2.0
29 42.1+4.4
30 6054 8.2
Pterocarpan
31 Melilotoca :“': = = 25.1+3.8
33 ; \ 2. 8.4
Miscellaneol —,_,
36 P e — | 506+ 8.9
e X

=

|
For neuramimse H5N1, Khrinone C (7), Irilin D (11 ).ﬂ)—uquiritigenin (21),
(35)-8-Demethylduartin éwesveratrol 33) and Qxyresveratrol (36) showed more than

o o U B SV BN o

neuraminida8é inhibitory activity on neuraminidase H7N3, it was found that only

AL arRIEtURIaRb I e

HS 1 at the concentration of 142 uM) among tested compounds. We also further

investigated the 50 % neuraminidase inhibitory (IC,,) on H5N1 of Khrinone C (7), Irilin D
(11), (3R)-7,3'-Dihydroxy-4-methoxyisoflavanone (12), (2S)-Liquiritigenin (21), (3S)-8-

Demethylduartin (27), 3-8-Dihydroxy-9- methoxypterocarpan (30) Resveratrol (33) and
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Oxyresveratrol (36). The IC,, values of those flavonoids were observed by plotting the
concentration of flavonoids against neuraminidase activity. The Titration curves showed
in Figure 19. Our results showed that all tested flavonoids had the IC,, values on

neuraminidase H5N1 more than 100 uM 3) except Oxyresveratro! (36) showed

the lowest IC,, value (66.1 + 6.8 | \ (33) and (2S)-Liquiritigenin (21)
showed the IC,, value (129 “ - ‘ LM, respectively) grater than

that of Oxyresveratrol (36). Khrinone C (

‘ and (3818 Den ethylduartin (27) showed

moderate neuraminidasednhib -u, ity (IC, ';\\:v'- | and 153.6 £ 22.0 uM,
respectively). Irilin D _ ’ ' i ‘ v, focarpan (30) had less
inhibitory activity oh adfamipidasel H5NI Wwith | ‘-x b Ve ues of 182.7 = 71.2 and
186.5¢11.9 uM, respectivalf. | ‘

AULINENTNEINS
ARIAN TN INAE
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Figure 19 Dose-response curves of Khrinone C (A),

Dihydroxy-4-methoxyi

soflavanone (C),

(28)-Liguiritigenin
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Irilin D (B), (3R)-7,3'-

(D), (3S)-8-

Demethylduartin (E), 3-8-Dihydroxy-9-methoxypterocarpan (F), Resveratrol (G)

and Oxyresveratrol (H) on H5N1 neuraminidase



Table 23 IC,, values of tested flavonoids on HS5N1 neuraminidase

84

ID Class Chemical Name IC,, & SD (uM)
7 Khrinone C 155.6+0.3
Isoflavones
11 Irilin D o1 182.7 +71.2
12 Isoflavanones | (3R)-7,3' 166.5+32.6
me Sfiavanone
21 Flavanones (2S)-Li n 137.0+£93
27 Isoflavans (3S); ‘ 15636 +22.0
30 Pterocarpan -85 - 186.5£11.9
et r r aﬂ
33 vegatr = 1292+ 32.0
Miscellaneous -
36 Oxgffes@rafols. 1~ 66.1+ 6.8
eligmiylf ~ Hh- 0008 + 0.0001
N
4.3.3 Quenching effect o JieSs mi se inhibition assay
T W e
From a general point of vie _.-__' ' _»‘QVQCf endence of the fluorescence
- - L ;.- 3

guenching exerted" by C (probe) can be

described by the S

%=1+quo[g]m+ [0 i m ()

where 0and ! are thq‘fﬂescence IﬂtenSttleﬁjf the probe in the absence and

s AU IR T WEHART

fluorophore %atime in the absence of quencher. The quencher concentration is

AR Sensaliwdnndy:

que ching analyses were carried out by varying the concentrations of the different
flavonoids in the range 0-1 mM in a solution containing a fixed amount of 4-
methylumbelliferone (the probe) and monitoring its fluorescence as a function of the

flavonoids' concentration. By plotting the I/l ratio versus the flavonoids’ concentration a



85

well behaved linear plot could be obtained in alt of the cases, Figures 21-27, thus
confirming that a real fluorescence quenching was taking place into solution. The Ksv of
all tested compounds were calculated by linear fitting of the experimental data and are
reported in Table 29, in this case the an is was possible for the complete set of 35

flavonoids (Tables 24-28, Figure

Table 24 Chemig8l sylicidrst jof iseflavont osted for guenching effect on 4-

methylumbellifer 8'(

No.|  Chemical famess’ & Rty |((R2 41 R3\ | \R: R5 R6
1 | Daidzein s I L Al H H
2 | Genistein y OHE i o) " OH H H
3 | Calycosin F o7 "T,.-';-!L OMe OH H
4 | Biochanin A ' — H OMe H H
5 | Tectorigenin. - @ OH H H
g i
6 | 3-O-Methylorg ! OMe H
7 | Khrinone C . OH OMe
8 | Theralin E OH H OH H OMe
9 2’—Methoxybiochal|'né OH H + OH OMe H OMe
10 | Caj | OH
] ll F j j J ]
11 | Iritin lm OH OMe OH OH OH H

RINNINUNIININY
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Rs
R4
R @]
1 R,
Rz
Table 25 Chemical struct Of| 1esdested for quenching effect on 4-
methylumbelliferone ( ‘ é
No. Chemical name R2 ‘ R4 R5
12 | (3R)-7,3-Dihydroxy-4'- 016 OH H
Methoxyisoflav e \ . .
13 | (3S)-Sativanon d e H OMe
14 | (3RS)-Violanone C OH OMe
15 | Dalparvin B “MH OMe OH
16 | Dalparvin H dhdlad H OMe
17 | Secundifiorol H ; & OH OMe
18 | (3RS)-Onogenin = H,- H OMe
o)
19 | Dalparvin A = O H OMe
- A%
29
[ gl

f1487

M%)

SHYNT

Tablmfi Chemical structures of Flavanones tested for quenching effect on 4-

No. Chemical aes . R1 R2
21 (2S)- Liquiritigenin H OH
22 (2S)-Pinocembrin OH H
23 Alpinetin OMe H
24 (2S)-Naringenin OH OH




Table 27 Chemical struc

methylumbelliferone (4-| 1L

87

sted for quenching effect on 4-

No. Chemical names" R3 R4

25 | Duartin /ﬂ{ - OH OMe

26 | (3R)(+) Mucronula ﬂ/lﬂ“N OH OMe

27 | (35)-8-Deme I[lﬁ \\i\k N OH OMe

28 | (3RS)-3"Hydroy ‘; - , \\ OH OH
methoxyvesﬁtol ' 2 \

29 | Sativan OMe

VS
AEP;% » '{.\\

Table_28 Chem!a&uctures of PterocaMns tested for quenching effect on 4-

mﬂ%&l’é%ﬂﬂiﬂﬂ’]ﬂ‘i

q dihydroxy-9-methoxy
pterocarpan
31 | Melilotocarpan D OH OMe OH OMe H
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OH HO
o IO
O OH OMe

Obustyrene (32)

OH
‘ A OH
HO

Resveratrol (33)

Figure 8 Chem

nbelliferc

tested for quene

dres ;f’ other llaneous compounds
; l‘ ._\\,‘ )

Table 29 The'v (K,,) of various

NV

flavonoids on 4-MU

Class Ksv (x 10° M7

0.06 £0.03

2.81+£0.10

~4 | calveasin 1.04 +0.06
N o ——

2.34+£0.14

4.38+0.13

(.
E Tectorige

Isoflavones 3-O-Methylorobol

0.92 £ 0.06

@ N

'\I @6 +0.08

g22t0.12

A1

2.31 20109

AWIANH

5.15+£0.11

114 rilin

12 (3R)-7,3'-Dihydroxy-4- 2.72+0.12
Isoflavanones methoxyisoflavanone

13 (3S)-Sativanone 0.96 £ 0.07




Table 29 (continued)
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33

354

36

ID Class Chemical Name Ksv (x 10° M™)
14 (3RS)-Vio 1.26 +0.06
15 Dar ry 173 +0.06
° Isoflavanones . : ' id 2.93£0.11
17 - difioraf H 1.13 +0.04
18 : 1.35 +0.07
19 \ 1.21+0.13
20 Flavone rgetigl - ;’ 10.46 + 0.46
21 (28 ig_émq 4.04 +0.05
22 sPicamohia 115+ 0.05
23 faikhs indlin 44 0.51 +0.05
24 slafing it 0.93 + 0.07
25 Ddarti — 0.1+ 0.05
26 (3R)- ot 0.26 + 0.07
27 Isoflavans St oy 3.07 £0.25
28 1.63 +0.12
29 - 0.77 +0.08
30 ﬂ (6aR, oo -9- 0.85 + 0.03

Pterocarpan- ‘_‘maethoxypterocarpan 'va
31 ﬂ_u_g . > ¢ ] qu £0.05
32 | " B77:004

ARAMT

Iriflophenone

1.49£.0.08

VE

0.92+0.05

Oxyresveratrol

2.50£0.03
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8 —— 1, Daidzein = =. Tectorigenin A 10 —— 7. [hiinone C —= 0. Caanin R
- 7 Genistein —e= O, F-C-retidorgticl —a— & Theralin -~ —e= 11 lilin O
—— 2. Calycosin —— G 2'metha, bicchanin

6-—— 2 Biochanin &

1000 ™, Mo 500 1000 1500
Cone (R ' H"C(“M)

Figure 21 S showir quenching of 4-

6
—— 12 { B
—— 13 { S
—— 14, (3RS}-Violanone

4 —— 15. Darpavin B

s

24

0
0 1500

'enching of 4-

] T 1 il
0 200 400 600 800
Conc (uM)

Figure 23 Stern-Volmer plot showing fluorescence quenching of 4-

methylumbelliferone by flavones
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8 —— 271, (25)-Liguiritigenin
- 22 (2S5)-Pinocembrin
- 23, Alpinetin

69 —— 24.(28)-Naringenin

Figure 24 Stern-Volme | howing ‘__A 7 qguenching of 4-

methylumbelliferongdo

§i-G-Demetnyiauartn B
: oxy-8-methaxy

1000
Conc (uM)

0 500 400 600 800

Conc (uM)

Figure 254 & ‘enching of 4-
o

methylum om(_ ‘ '\

U
flu 9(% TETE N
amadp i Inens

Conc (uM)
Figure 26 Stern-Volmer plot showing fluorescence quenching of 4-

ol I

methylumbelliferone by pterocarpans
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—— 32 Obustyrene A —e— 34 Isoliguiritigenin B
—— 373 Resveratrol —a— 36 Oxyresveratiol
34 —— 22 Iriflephenons

I

400 800
i ' ence quenching of 4-

As a result, flavor vy Ks: - foun: > a good quencher for 4-

MU since it can drastieally decre c fluorescence int sity of 4-MU. In contrast,

flavonoids presenting 1o Y > ', .’ )6 @ WE QV her for 4-MU. From this

study, only a few fla \ 0.5 x 10° M), these
flavonoids are Daidzein (1), 2 lucronulatol ) and Melilotocarpan D
(31). Other flavonoids had a sic ‘-;..,- ~ot-ondec as ‘of fluorescence intensity of

as varying among the same class
of flavonoids. For example Dé ._(l B___g-'au JUE “the fluorescence intensity of 4-
MU (Ksv = 0.06 £0:03'x 10° M") whereas Irilin D (11) had a higheffeat on 4-MU (Ksv =
5.15+0.11 x 10° ,_inthe isoflavans
class but (38)—8—Demthyldua gh Ksv 3.@ + 025 x 10° M)
compared with Duartin ( ‘25 (Ksv= 0.11 £ 0.05 x 10 M . In this study, we also found

-l AT WYS
among tested fla ‘ iritig founditolbe’47.43 £ 1.48 x

10° M Fhese findings proved that the structure of Iﬂjnmds affect dlrecﬂlon the

FRIRIT AN INE TR
thmqphenomena occurs in the same reaction with neuraminidase inhibition assay using

MUNANA as a flucrogenic substrate.



CHAPTER V

DISCUSSION

5.1 Establishment of In vitro neuraminidase inhibition assay

Highly pathogenic avian influe 74 a problematic issue in certain

regions of the world and the_déeve ,,.- nt methods for screening of new

enzymatically active
neuraminidase is mandaiery. ( /ari our na fivated avian influenza virus
H5N1, recombinant ‘H7 ; ‘
carrying the neura ‘ 1 expressed as fused
neuraminidase with the e of rt|cu|ar interest and
readily available. These Vifs t ' Jin Ised o\\ protecting antibodies
in poultry through the"eve o f N =N3- IS | | ory. te (Cattoli et al., 2003)
A : /& y: ‘ : ategy for the control of

f vaccination strategy does

not require the presence of enz T ‘ecombinant neuraminidases, our

preliminary study showed Stingly; | ‘I;u' e prey ns.of H7N1, H7N3 and H5N1

used for the vaceins iy active This open&t a possivility of
obtaining a cheap <o e yingthe" work of enzyme-
based bioassay, and thus prompted U

0 develop an effecti creening assay for

potent neuraminidase IHWDIt rs.

AUYINYNINYIDT- -

results showﬂ that the supernatants gon&stmg of baculowrus particles carrymg the

AWINIITL NIV Y:

those reported for the enzyme preparations from other sources, (Dalakouras et al.,
2008, Tanimoto et al., 2004, Yongkiettrakul et al., 2009), the obtained neuraminidase
activity levels were quite sufficient for the assay set-up using the sensitive fluorimetric

method. The developed enzyme assay system allowed the three neuraminidase
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preparations being characterized. As summarized in Table 12, the recombinant H7N1
preparation possesses its Km value of 400 £ 60 uM which is almost 5 times higher than
the Km of H7N3, 87 + 4uM, suggesting that N3 can catalyze the reaction under low

substrate concentration whereas N1 needs high substrate concentration.

For the inhibition constants (Ki) based on.oscliamivir free acid, N1 (23.5 nM)
showed its Ki value about 200 times higher than'the®K7 0f N3 (0.12 nM). This suggests
that oseltamivir free acid Is much more poteht in inhibiting the activity of N3 than that of
N1. These enzyme properties«reflegted well the results of the inhibition experiment using
oseltamivir carboxylate as the inQibiios (Table” 12). It can be seen that the obtained ICy,
values (25 + 4 nM ag@"0.24 0028nM for the N1 and NS, respectively) are in good
agreement with the results fram the kinetic stud..ines. In addition, further validation of the

assay system showed that thé intra-assay Coefﬁcients of variation on the recorded
fluorescence data werellower than 5% for.bothuN1 and N3, and the corresponding inter-
assay coefficients of variation were lower than 10% ‘suggesting good reproducibility of

#

the assay system. Al
A

Comparatively, the values of-Km and ICSO7bse;Itamivir) of N1 obtained from this
study appear to be.higherthan those reported pEéQréuéi'y (Rameix-Welti et al., 2006, Yen
et al., 2007, Yongkietirakilettdlyed0S mlhese-ciff ereacesSay=re  dlic to the different
strains (clades) of avian influenza viruses used in the various studies. In fact, the values
of Km of neuraminidase N1 against MUNANA have been reported to span in the range
15-359 uM (Rameix-Welti et al., 2008, Yen et al., 2007, Yongkiettrakul et al., 2009),
depending.on the specific'nature of the neuraminidase considered."For the IC,, values,
The observed higher sensitivity of N3 than N1 towards oseltamivir might be explained by
the fact that the original design of the oseltamivit=smolecule was against the
neuraminidase subgrolp 2/ structlires. (comprising N2, N3, N6, N7iand N9), net the
subgroup 1 structures {(comprising N1, N4, N5 and N8) (Russell et al., 2006). In
addition, it has been reported that the clade 1 H5N1 (China, South East Asia) is

intrinsically more sensitive to oseltamivir than the clade 2 H5N1 (Europe, Africa,

Indonesia, China, South East Asia) (Taylor et al., 2010).
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For inactivated influenza H5N1 (A/turkey/turkey/1/2005), we found that
neuraminidase activity was also present in this viral solution. Similar findings have been
reported in inactivated human influenza A (H3N2), avian A (H7N3) and seasonal and

pandemic A (H1N1) virus isolates (Jonges et al., 2010).This allowed us to use the viral

solution readily as the source ¢ ' aminidase. Although without full
characterization of the viral selutio ~ opti euraminidase activity is

sufficient for the assay se ' ore mbmant H7N1 and H7N3

5.2.1 Synthesized oselfami

9.2.1.1  Inhibitorygactiyity—of-0se 1alogues on recombinant H7N1

._‘}*J "'.l'i o
neuraminidase -

The variations in ympounds revealed

that an isopropyl @ g ondary amine is

well tolerated and a s shown in the case

Pl Bars to | v-v
of PMC-36 (6). This might be because the alkyl group affects the

bonds of the Emme gro!pm acidic residues 6fsthe N1 neuraminidase, and/or it fills

TGO U YE g

and mteractmmh the amino and acetam|do groups of bound oseltamivir( Russell et al.,

ﬁ WIS mm

novel species, as observed in the case of PMC-36 (6) and PMC-35 (5). However,

rengths of hydrogen

and make

this position seems to be intolerant to the introduction of larger groups, since the
presence of a 2-butenyl amide dramatically reduces the affinity of compound PMC-33

(3) with respect to the oseltamivir benchmark. The IC,, of commercial oseltamivir on N1
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did not perfectly match that of synthesized oseltamivir (PMC-34), but its variability is well
within the acceptable limits. Interestingly, 5-azido and 5-amino pairs (i.e., PMC-31 and
32, PMC-33 and 34) showed comparable IC,, values, although both the electronic

w f

properties and the reactivity profiles chemical functions are quite different.

/ ompounds on N1 are reported

—
ivirsanalogues, on recombinant H7N3

The titration curves and the IC,, \ e

in Figure 12 and Table 13, re:

52.1.2

neuraminidase

comparison with N1, wh ¥ QLF “outpeffor >d PME-35 (5). Adding a small

group on the 4-amido fu ct the activity. In contrast,

the presence of a bulky gr (1) and PMC-33 (3) greatly

decreases the ability to inhibit th‘;'_g -
-
; e

is similar to that ef syr vir (P er ipf

e 1C,, of commercial oseltamivir

ibitory potency of

oseltamivir towards—thesgroup=2-neuraminidase=N3 foUh-1 neuraminidase
4 | Uy

al.=2001).
J

5213 Inh|b‘tory activity of oseltamivir analogues on inactivated H5N1 avian

BB INYNINYINS

The scrﬂnmg of neuraminidase |nh|b|tory activity on oseltamivir analogs allowed a

AW I b IEIL M N L) 'm

amq‘ro groups with an isopropyl group to form a secondary amine as in PMC-36 (

subtype N1 was rpa ed a

slightly decreases on inhibitory activity compared with PMC-34 (4). However, the
decreasing of inhibitory activity is not greater than substitution with an azide group as in

PMC-32 (2). Interestingly, modification of 4-amido side chain with a propenylamido
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group as showed in PMC-35 (5) does not affect on the observed activity compared with
PMC-34 (4) meanwhile substitution with a 2-butenylamido moiety as in PMC-31 (1) and
PMC-33 (3) significantly reduced the inhibitory activity. Nevertheless, modification 5-
amino groups with an isopropy! group in the oseltamivir structure while remaining 5-

amino group should be further investigated.

Overall, the effectaf. structure modifications=of oseltamivir analogs on
neuraminidase inhibitory activitysean be divided into 2.groups. Group-1 neuraminidase
(H7N1 and H5N1) and Group=? peliraminidase (H7N3): For group-1 neuraminidase, we
found that modification of S#ami@o groups with an isopropyl group (PMC-36) increased
the inhibitory activitys€speciélly ongH N1 neuraminidase whereas this modification did
not effect on that of HZINS. Since modification:of;these oseltamivir analogs subjected to
developed for group-1 nelraninidase thus the in€reasing of neuraminidase activity on
group-2 neuraminidasé such as H/N3 compared with oseltamivir was not observed.
However, H7N3 neuraminidase was found (o “t:)e-.:more sensitive to the oseltamivir
analogues, while neuraminidase Ni-was-fess se.F{.éi'fi\j/e; this is probably the result of the
original design of oseltamivir whithwas rationallyj-deélT'éjned on the structure of group-2

neuraminidases. These data was'shown'in Table 30: -

Table 30 IC,, valugsofoseltamiviranalogs on various typesof neuraminidases

(O IC,, £ SD IC, £ SD
Compounds
on H7N1 on H7N3 on H5N
(ni1) (niv1) (nM)
PMC-31 51,576'+2,904 99,295 ¥32,416 59,678 + 5,651
PMC-32 84.4 £20 2.256.1.4 53.604.3
PMC-38 138,962 £21,589 4512 £1,172 24,094 23631
PMC-34 (oseltamivir) 39.3+32 0.1+0.08 1.2+0.1
PMC-35 31.8+£6.9 0.1+£0.03 1.7+02
PMC-36 146+ 3.0 281 +£9.7 25+04
Commercial oseltamivir 249 +3.9 0.2+0.02 0.6 £0.1
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5.2.2 Flavonoids

Thirty three flavonoids extracted from Dalbergia parviflora and Belamcanda

chinensis were tested for their inhibitory activity on H/N3 and H5N1 neuraminidases.

The H7N1 was excluded in this stud : ; enzyme preparation. Firstly, we
' ' 14 uM. Flavonoids showed
"on of 142 pM. From our
findings, almost tested f| ids"hadan i fbitory “tivitysenneuraminidase H5N1 over
H7N3 at the concentrati A / o ¢ a SV ;.. (33) that seemed to

s idvs were chosen for
avonoids exhibited more
vas only Resveratrol
(33) exhibited more than & ' : .  — : S at the concentration of
142 uM. The results showed all test .‘ 0ids ha e ‘Ib on H5N1 more than
. ok inhibitors (Liu et al.,
2008b) against avian inﬂue‘ dram idase ' a_ ral studies (Jeong et al.,

2010b, Ryu et al., 2008,

2009, Liu et al., 2008b, Nguyen &t “Nguyen ef al.,
Ryu et al., 2009b) have bee e - | “act ity of various classes of
flavanoids on neufaminid but none of them has-been—mentionsd their inhibitory
activity on avian "in “structure-activity
relationship of flavon as influenza neuramii nidase Inhibitor has been revealed that for

good inhibitory effect, th%pét -OH, 7-0OH, C4=0, and C2=C3 functionalities were essential

ovel hiwti amw 13014
AR AN TN INYINY
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5.3 Quenching effect of flavonoids on neuraminidase inhibition assay

-

N

Figure 28 Chemica S 0 Isand 4 mbelliferone

Since a part of fl ' ‘ : | ~ with 4-MU (Figure 28), the
' with MUNANA. It
may be possible that t A' can'e on the luorescence intensity

of 4-MU leading to the inte ' suraminidase Je n assay. In order to

observe this effect, th ‘ Jation wae d for evaluation of the quenching
effect on 4-MU. A prelimina | f"" 3lysis reported in Table 29
highlighted that almost flav 0] displaying nced guenching effect on 4-MU
4" ; |
which can be reported by a high / al : urther insight on the magnitude of
] H LI . L - -‘w‘ :“ 1. 3 . B b
the flavonoids’ interference in~ e fluorinetric s nidase mhlbmon assay, we

computed the magnitude of the fluorescence decrease (1-I/ Vil :") buld be ascribed

W, A

solely to quenching’ fo - possible because by

rearranging (1), one

I
J——=1-

LYY s T TEE T Yo

reported in %bles 31-32. These values can be compared to the decrease in

AR KAPTI LIk T4

observed from quenching effect especially at a high concentration of flavonoids (Table
31). This finding points out that the observed neuraminidase inhibition of flavonoids was

partially interfered by the quenching effect of its own structure on 4-MU.
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Table 31 Comparison between the observed inhibition values of various

flavonoids (714 uM) and the calculated contribution to the decrease of

fluorescence intensity due to quenching

3

AIANDERN

(3S)—Secundif|or?H

% % inhibition at a
ID Class ing | concentration of 714 uM
i H7N3 H5N 1
2 $53.1+£10.7 | 44.1+5.1
3 0S| - 1434 | 37785
4 h; £50 | 40177
5 origen = ‘ +19.3 | 40.5+6.2
6 13 | —y 332+20 | 41.3+84
7 Isoflavones hri h [j:' k- (452 +149 | 836 +5.1
8 ral ot 6+205 81.7+18
9 SV I VS 458102 | 41936
bi CH | A Eﬁ’?’l
10 Cajadin dastis < 4 459+ 11.1| 35288
11 Irilin D x’.?mg— 59.7+2.0 | 82.4+25
12 v +04 | 81.2+1.8
13 | s, @z £2.7 | 40.1£95
14 ['j 3RS)-Violanone 47.4 48.9+31 | 555+6.6
15 | Isofl e ,'-,"‘; h O y 3 o 11#983403.| 71618
17 W 447 457 0.3 6.4 +83

a

100

L

0

i

1

1+ Ksv[Q]

J

The contribution due to quenching was calculated according to the following equation:




Table 31 (Continued)
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% % inhibition at a
ID Class Chemical Name Quenching | concentration of 714 uM
ontribution® H7N3 H5N1

21 ‘ 66.9+£66 | 84.7+1.5
22 A | 361132 | 623557
23 44.8 +3.8 | 30651

Flavanones : —=
24 300+144 | 67.6+1.3
25 ' 3450 |30.2%13.1
. \m..;
27 : 9+14 81.9+15

Isoflavanes \\\ -

o "L

28 ‘\‘ 9.1+04 | 58503
29 %\ 46.0+4.4 | 79.1+58
30 401 £16.1 | 748+£1.8

Pterocarpa
31 Vi "“‘! 89 | 472:6.8
32 l - Obus +4.9 | 30.6+5.1
33 | Miscellaneous | Resveratrol 51.5 +7.4 | 969+1.8
35 r| Ghenone.. 427443

Wal:laN-BE:Ts

36 Fu Iltl, rtr 996 +4.5
*The contrlb

on due to quenching wa?calculated accordmg to the following equatlon

ARG UANINYA Y




102

Table 32 Comparison between the observed inhibition values of various
flavonoids (142 uM) and the calculated contribution to the decrease of

fluorescence intensity due to quenching

\ % inhibition at a
\ concentration of 142
Class Che
A M
H7N3 H5N 1
7 " - 54.9+2.8
8 Isoflavones | T - 489+ 2.2
11 Iril] , - \ 5435 | 512£64
b Z / W;ﬁ 5+32 | 502+5.2
hoxyisgflayanone

14 (38)-vidlanbné .- : 282+ 46
15 | Isoflavanones afp lgf . 4+04 | 448+59
16 Daiparv ..Mf’? 29. 460428 | 368+64
18 (3RS)-Ono Qs o 2l 1 29.0+4.6 | 332105
19 Dalparvin A== 7 224+20 | 28.3+34
o1 (2S)sltiau L W7 g 64 | 579235
22 Flavanones| : 322+44
24 - 36.9+4.6
27 33)-8-Demethylduartin 30.3 +7.8 | 52.7+3.0
28 Isoflavans (3‘3&Hydroxy—8~ Qs

F u ) “aNnolo : 422 +2.0
29 U | sativan - 42.1+4.4

1+ Ksv[Q]

ﬁﬁﬁ;‘uwﬂ%m )
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Table 32 (Continued)

% inhibition at a
%
° concentration of 142
ID Class Chemical Name Quenching "
M
' ontribution®
w H7N3 H5N1
30 36-Dinyarox \\\ V
Pterocarpans \"'- - 50.5+8.72
methe ‘le_.“ pan
31 Melilotocagear'D | 5.9 ¥ 25.1+38
33 \‘ 80.3+1.4 | 62534
Miscellaneous \
36 - 80.6 +8.9
* The contribution d quefchifighvés caleulated accs :\‘\ 0 the following equation:

100{1—1} = 100[1
10

The quenchin' effeet

é@fyj pecles structurally related
to 4-methylumbelliferong’ ha been*‘!" ‘
examples: the fluorescence of 7 * .-:7 enched by halide ions (Moriya,
1984), the fluorescence of 3-meth m:..m-{-‘

e _w‘..u*’

re. As representative

larin is quenched in the presence of

acetone (Sharma & a/., enzocoumarin by aromatic

amines(Tablet and -;::ﬁ::-;; iﬁﬁiﬁm‘—'iﬁr' e4also been reports
LA J ‘

on the quenching effect many compounds with no

structural relationshio 4-methylumbelliferone such as 1,6—d nyl-1,3,5-hexatriene

(DPH) (Schoefer et al., ?O& human salivary Uylase (HSA) (Soares et al., 2007),

Ry leda e
ﬂeﬂﬁﬁﬁﬂﬂmﬂ WIANE IS

along with the neuraminidase inhibition assay for avoiding the misinterpreting of the real
efficacy of flavonoids in neuraminidase inhibition. In this experiment, 8 flavonoids
showed significant reduction of fluorescence intensity of 4-MU in neuraminidase H5N1

inhibition assay at the concentration of 142 uM were chosen for determining the 1C,
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values before and after subtraction with quenching effect. These data reported in

Figures 29-32 and Table 33. For neuraminidase H7N3, we excluded the determination

of the IC,, values before and after subtraction with quenching effect because we found

that there was only Resveratrol (33) h ed ‘nhibitory activity more than 50% at the

concentration of 142 uM.,

A
1004 ...
2
Z
5
[8v}
« 501
=z
04 B
1 \ 00 1000 10000
Conc (M)
Figure 29 Dose-resg d Irilin D (B) showing
before and after ;subt subtraction, ¥V Before
subtraction]
A
100-]
2
=
5
©
< 907
=z
P
0- - y
1 0 A fool _ ‘ ‘ . , " 1000 10000

Conc (M)

Conc (UM)

Qﬁ"w é’iﬁufﬁiﬁmﬂm AL

[® After subtraction, ¥V Before subtraction]
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A
100+
50...
1 | a—t096——10 ‘ 100 1000 10000
Conc - O onc (M)
Figure 31 Dose-res & 9 ""\.’L‘"m\FA-..;_o (A) and 3-8-
(B} shoy ‘s\ o after subtraction of
Befare ;\"-,
A
1004
=
=
g
< 901
p=d
4 WAl e e ¥ oo
0 10000

HM)
Figure 32 Dose‘e onse curve of Re veratrol (A) and Oxyresveratrol (

qewy: Q“thﬂ&w N -

efore sub

’QW]Nﬂ‘imﬂJ‘iﬂﬂmﬂﬂﬂ
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Table 33 IC,,values of 6 flavonoids and 2 stilbenes on HGN1 neuraminidase

ICsy £SD (uM) on HEN1
1
ID Class Chemical Name After | Before
subtraction subtraction
7 Khrin > 500 1556 £0.3
[soflavanones
11 rili 500 1827+ 7172
- ]
12 Isoflavones S droxy-4- 500 166.5 + 32.6
metf e -
21 Flavanones 2. n 137.0+ 9.3
27 Isoflavans 3 F _y_ld‘Ei in 2 15636 +22.0 |
30 | Pterocarpans 8-Dihy, -9- Xy 248 | 186.5+ 11.97
ogarpan.. (=
33 M Regleraffol  anias 682 | 129.2+32.0
Miscellaneous F -
36 resveratr - 846 +10.6 66.1 £ 6.8

The results showed th =

quenching were higher than-f ot

flavonoids incl

methoxyisoflavanang

avonoids after

(Table 33).
)

subtraction with
Moreover, 4
7,3'-Dihydroxy-4-

tory activity more

than 500 pM. Amonﬁsted (ICSDB84.6 +10.6 uyM) was

found to retain some neuramnmdase inhibitory act:wty against H5N1 neuraminidase

whereas r Fn ‘ nifi activity on
H5N1 i MH ?1 presents on
oxyresveratr s structure plays an mpqtant role on |nh|%ry activity.,

0 mmm IUURINEIAL-

meghamsncally independent phenomena. In facts enzyme inhibition reflects the

property of a given species (the inhibitor) to somehow hinder the normal activity of the
enzyme against its natural substrates. On the contrary fluorescence guenching does not

require interaction with neither the enzyme nor the substrate, the only requirement is the
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interaction with the fluorescent product of the reaction. The only explanation for the
observed behaviour is that guenching may indeed largely contribute to the magnitude of
the signals obtained in fluorimetric assays aimed to test the inhibitory properties of

flavonoids generating false positive results

ince quenching and inhibition are not

mechanistically mutually exclusive \»I r,‘" gy occur at the same time. If

flavonoids are effective c*-..,__" ounts‘of 4=MU _released in the neuraminidase

catalysed reaction will be of course fower than thn absence of inhibitors;

however the excess flaveneids p) - in solutiol ”v-.-._' ch the fluorescence of the
released 4-MU resultingdn'an a , : i\ w Because of the above

tract the contribution

considerations it might g Yossible zleje \ na

t>‘ : ybtainec

of the guenching effect frai \ ib
Y 1‘ en

experiment, the colleci€d data pointoutthatwhien the guenc
’ :~;3\\\
account, flavonoids may produ ﬁr P, V eneratmg misleading
——— 4 | 9
interpretation of their effects on vira t"‘ f, e 4 '

'« experiments. From this

ect is not taken into
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CHAPTER 6
CONCLUSION

In summary, the findings of this _suggest that the crude preparations of

preparations can be used v withot ' “expensive purification of
' ————

recombinant neuramini standards related to

the use of avian influcpza Vi  . ntalmng baculovirus

particles are safer to ses since they are

we could report the

Based on t , nzynie-basediassayisystem
results of preliminary dScregni 5QMe - navel /e nelraminidase inhibitors
obtained by rational design basis o the ose ‘structure and obtained from

the isolated natural flavon compou d@ : d data suggest that the
3 . | .
introduction of small substitue M:.::..rﬂ 6"-é" Jlp of oseltamivir increases the

]
C

affinity of the new analogs agai ﬂ o 'm e rather ineffective with respect

to N3. In addmn 4 4-amino group of

o —————————————————————
oseltamivir carboxyTat ds for N1 while this

ﬂsee le ateﬂy N3. Although the
ues present an activity similar to that of oseltamivir carboxylate,

among the el of a lrz Ompou O di : C-36 (6) and

respectwe(y% general, neuramlmdasi N3 was found to be more sensmve to the

ChiME ﬁmmmm 13N

rat|ona|ly designed on the structure of group-2 neuraminidases.

structural modificati

investigated analog
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With the natural flavonoids isolated from Thai medicinal plants: Dalbergia
parviflora and Belamcanda chinensis. The results of the screening, unexpectedly, led to
the findings that the structure of flavonoids can directly quench the fluorescence
intensity of 4-MU. The quenching consta 't of each flavonoid was determined by using

or

the Stern-Volmer approach in order /e re the fluorescence quenching effect

among the panel of flavonoids ¢ : ..“',;-- ofwall flavonoids classes can produce

a false positive to neuran Jinhibition assay*WHICh using 4-MUNANA as a

substrate. Therefore, our fiadings Suggest that !*- neuraminidase inhibition
enching propeities of flavonoids on 4-MU

prior to test the inhibitio ffe § greov als o"'f.,_‘:u \:: possible, as a first

approximation, to t‘r the tributior 5. quenc fect from the data

assay should be improved

obtained in the inhibitién exgeri S iR o ge a b irate neuraminidase inhibitory

activity.
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Appendix A

Preparation of the 10% SDS-PAGE gel
1. The glass plates and spacer were cleaned with ethanol prior to use. The gel plate was

set up by clamping with casting stand

2. Resolving gel which contains the s >low was prepared in beaker and loaded

4. Ultra pure water king gel. Gel plate was
stand for a while for poly
5. Ultra pure water was po' ffafter. '«_ I as lymerized.

6. Stacking gel which contains the --@"gj ias prepared in beaker and loaded

into gel plate.

0. “'

|
10% gl,

40 9]

Acrylamidg80% bis 0.8 %  538,2

ﬂU%l’mEWIﬁWEﬂﬂ‘i
wmmmum e ITIREL]

8 DS electrophoresis buffer 1X was prepared by adding 80 ml of 10x SDS

electrophoresis buffer into 720 ml water.



Appendix A (Continued)

9. Comb was removed slowly. The gel plate was washed with SDS electrophoresis

buffer 1X and clamped it with electrode stand gThis stand was placed in the tank filled

minutes.

Jo 301l N 113N 1% | LIATI

Lane 1= Total Protein isolated from rec‘mbmant neuram idase H7N1

TWARIT BHNIINEA Y
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Appendix A (Continued)

Preparation of 10x SDS electrophoresis buffer (250 mM Tris, 1.92 M Glycine, 1% SDS)

Tris (Hydroxymethyl)-aminomethane 300 g

Glycine
SDS

Dissolved and adjusted

ﬂummmw AaIp)
QW']ﬁﬂﬂ‘iﬂJﬂmemﬁﬂ



Appendix B

Preparation of enzyme assay buffer solutions

33 mM MES pH 6.5, 4 mM CacCl,

MES 161 g
CaCl, 110.99 mg

Adjusted pH to 6.5 anc I water

0.1M Glycine pH 10.7 con

Glycine 7007
Distilled water 75

Adjusted pH to 10.
0.1M Glycine pH 2.5¢

Glycine 750.7 &

Adjusted pH to 2.5 and ad lled water

0.1M Sodium acetate pH 4 0-..

i

Adjusted pH to 4.0 aid ac

Sodium tate

3

PBS pH 7.2

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂﬁ
ﬁﬁ’mﬁmwummmaa

A justed pH to 7.2 and adjusted volume to 1000 ml with distilled water
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Appendix B (Continued)

0.1M NaHCO, pH 12.2

NaHCO 084 g
_ | ‘

Adjusted pH to 12.2 and adjusted f !c 00 m! with distilled water

20 pM MUNANA in 33 m

MUNANA 1 mag/mlin 33 mM

Adjusted volume to 12 i

20 pM 4-methylumbi

4-MU 1 mg/ml in eth@nol

Adjusted volume to 10 »

ﬂUEl’J‘VIHVI?Wﬂ’]ﬂ‘i
ammn‘iﬁuum'mmaa



Appendix C

Enzymatic reaction of neuraminidase

There are several methods for de aftion of neuraminidase activity. One of
the most commonly used methods lefrigfassay which has many advantages
over the others. This fluorc : » sensitivity and less time
consuming. -ld :

Principle:

4-methylumbeliiferyl- (- sed as a fluorogeni
substra 4-methy umb heuraminidase cleavage
from MU-NANA. Therefore, Amigid ity can | S > by quantification of
their fluorogenic products, | fhe ' : ce int , \ recorcdied at excitation

NANA)

i
4—meth belliferyl-CX-D-N-acetylneuraminic acid

.I.b’

FTUEJ’J‘VIEJ@?W&HWS
qmﬁmmum MNYIA

H;COCHN __

H,C

N-acetylneuraminic acid 4-Methylumbelliferone




Enzymatic mechanism of influenza virus sialidase (von ltzstein, 2007)

It was originally proposed that the solution-dominant (-sialoside C conformer

binds to the influenza virus sialidase and is distorted by the active-site envirocnment from

this chair conformation into an (-boa iormer (Figure 33). X-ray crystallographic

studies of sialidase-NeubAc (N- Ineurampic gacid) complexes confirmed both

substrate’s negatively on ' xy\ aroup “sewed triarginyl cluster.
The departure of the ‘ itated by the resulting
conformational strai ion intermediate, a
sialosy! cation, that . . idenqtifled oy kin : v 7"\\ { measurements and
mclecular modelllhg st ‘ ent within that region of
the sialidase catal r htermediate. A water

molecule then reacts | alosyl cation intermediate to

afford -NeubAc(compo fs thELfirst'f lease that then mutarotates to

or

the thermodynamically effavousa

ind 1b). Alternatively, it has

‘ —=
been proposed that all siz '.:%@f’- n, may trap the cation to form a

glycosyl-enzyme covalent interm re of retaining glycohydrolases,

that is stereospecifigally

S

w
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