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Abstract

Sialic acid or N-acetylneuraminic acid (Neu5Ac, NANA) is a monosaccharide with nine-carbon
backbone acts as a receptor for influenza A viruses, allowing attachment of the viruses to mucous cells via
hemagglutinin (HA). It's an early step in acquiring influenza virus infection. NANA in mucoprotein can be
oxidized with periodate (NalO,) at low concentrations of molar ratio NalO, to NANA. NalO, can selectively
oxidize NANA to the 8- and 7-carbon aldehydes. It is interesting to determine how periodate modification of
NANA’s side chain affect the binding of NANA to HA of the viruses. In this study, mucoproteins
of Collocalia mucoid (CM), chicken submaxillary glands and chicken tracheas were used as receptor for avian
influenza virus A/duck/Phitsanulok/NIAH6-5-0001/2007 (H5N1). Total amount of NANA in each mucoprotein
assayed by direct Ehrlich’'s method showed that NANA in CM was 10.27% which was higher than that of
chicken submaxillary glands and chicken tracheas, 1.24% and 0.31% respectively. By hemagglutination
inhibition (HI) test, it was found that only CM could completely inhibit HA activity (HI titer = 64). The decrease
and abolishment of binding capacity between virus particles and periodate-modified CM was observed by HI
test. These results suggest that the periodate-modified NANA cannot inhibit viral hemagglutination toward
chicken erythrocytes. It indicates that NANA analogues cannot bind with the virus. Therefore, the periodate-
modification of virus receptors could reduce viral infection. By this evidence, it is possible to use NalO, for the

inhibition of avian influenza viral attachment to NANA on cell surface in respiratory system of the avian host.
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Aauntiitame3sudnsg [11 - 16] levin
mMsfnsAEIRUNTTUIUNToanTLaTH NANA lu
Tnalaldsdurfiadnsg semawelslanauaaslv
wiwiasiwe lsletaafilsznausas sodium-meta-
periodate (NalO,) Was 85% ortho-phosphoric
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nnnNlgaad nevmunasuazawnan laolia
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@835 HA test muATanasguvasasansewlalan
[17] anturhlihisunequauddlunisiade
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¥ dialysis @28 0.9% NaCl w1 24 F1lag 16w 0.1
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Aauld USu1as 0.2 Haddny wanlwdnw unlu
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@2881T82AY phosphate buffered saline (PBS)
doud 1:1 Tdauds 1:2048 lu 96-well micro titer
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ﬂm"[’?ﬁqm%gﬁﬁaaum 30 w1l dunnuansiia
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n1InNAsgal hemagglutination inhibition (HI)
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native LL8¢ modified mucoprotein Lﬂ%ﬁ’]iﬂ‘ﬂfﬁ%%ﬂ
inhibitor 1389 M Ite3suad1ssaSudulle
WML 4 HA unit 2837 HA test wasluabdIunm
1a3maa8n139in back titration ¥innsi3e319fala
TUsenfinnugutusudn 5 Saansu/iasans
WUy 2 Wi deaTazane PBS aaud 1:1 Tand
1:2048 11 96-well micro titer plate Lﬁﬂ’ﬁﬁlunﬂ
wanUTunas 25 lulesdas wawldidinu Ui
aunndwasinu 30 wifl 1@n 1% RBC 25 lulasas
Tunnnay ﬁuifﬁqm%gﬁﬁaaﬁﬂﬂ%mu 40 w7
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influenza A H5N1 antiserum Lflu@“hmuqumr]
mumuquamﬂmau inhibitor LLazyiNTN1INARAU
NIRNA 3 1 WS NS UUIERNTAWUBIRITLND
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mMInYSuawlaiw influeza A mﬂw‘”ulf
A/duck/Phitsanulok/NIAH6-5-0001/2007 (H5N1) @
5% HA test wu'lasadUsunousududn log 9 HA
titer 38 128 HA unit LLazm@]qmamuﬁlumia@ﬁa
maasouaasnilalalysdusfianeudnsums
nanas loun iaawnwusw davsinansliuas
waaaauln woinldinmsnustsnasinanewnun g
"L@Tﬂ‘%mmmnﬁq@ sosasudndansinanelnuas
naaeanln Aadusasas 192, 1.1 uas 4.4 Ay 619U
(@19797 1) wazidans193aL5IIM NANA 1HInua
lu@1081967835 standard Ehrlich’s method lag
WisunuaNauLTuTuoad NANA u%qﬂﬁfﬁ'muﬁﬁu
ATWANUFURUELT 9L dUTEWI9USI b NANA 71
m’mLﬁuﬁuq@ﬁﬁsn”ummi@ﬂﬂﬁuuaavlﬁaums
\iaLdu y=0.0028x (R*=0.9831) (lumastoys)
WuUsu s NANA tadsluinansunuisusnd
ﬂ%mmmﬂﬁq@ﬁa 0.33 lulaslua/niy 5898980
Wndaninaelnde 0.04  lulaslua/nsw
fanwnaanayliin wuﬂ%mmﬁasﬁqwﬁm 0.01
lulaslua/mnsu niedaidusesas 10.27, 1.24 uaz
0.31 MWEGU (@13797 1)

Wosndadnadalaldsdiuns 3 afia an
nageuaNVEInIalumMIsuRuge lhiadeas Hi
test laudl native mucoprotein Fns i nans
inhibitor WU native CM ianuaunsalunIsy
Awldagnssumnziu HA 28915838 Tasuaeaen
anuansalumssugsmssunuwsashiatuida
Baauadld n3aAn HI titer LYINAD 64 §1N 3
native chicken submaxillary glands ILas native
chicken trachea mucoprotein swwuinliaansa

mswasuudaslaseainsves CM daoans
walslataaandjisorsendiasulusasain
molar ratio NalO, ¢ia NANA 1w 1:1, 1:2, 1:3 uag
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1:4 Tapldanududwsudusosialaldsaudn
0.33 lulaslua/Sadnsy dminuws d9asle
ﬂ"]mﬁﬂﬂﬁgﬂﬂﬁmmﬁmmﬂmﬂﬁu 565 W l4LaI9T
nmMyiaU3unm NANA 1Inuada833 standard
Enhrlich’s assay 1% 0.032 iilanasauifAsen
periodate oxidation L&z borohydride reduction
Lm”aﬁ%awalﬁﬁﬁwL«:Lﬁ'sjmig@nﬁuuauﬁugaﬁuw% 4
SaNEIMINAned uaasliiAwind maasn wls
Tassa$19289 NANA lu CM Aedn fiasin periodate-
odified CM annagaumMssunugelasadess Hi
wuingahiadinsmansasvlanuarsuunia
idaauaslile uaaslwifiuin modiied CM Tiswua
Qmﬂﬁlﬂmﬂu NANA analogue (NANA-8 LL.ae NANA-
7) vl hsaldanunsadvle Seldwunsia HI Tu
nnm’mﬁammaamsﬂ’uéﬁi Muldfamndandin
vl fAsevesannalilaiaacda NANA Ll

WHLALUNANAILAY (ANTWN 3 UAzNIWD 2)
a 6
RN ELHTEEL B3I

nnmsAnedagnedalalusduns 3 viia
e shaneununsuss dousinans liusswasnau i
WoINaEunIILewE NANA LadsdU5unmnn
ﬁq@ﬁa $auas 10.27 n3e 0.33 lwlaslua/mnin o9
Indidsstumanenunawiil de 031 lulaslua
N3N [14] wazfadusasay 9 INNNIINBINUVI
Kathan uazanie [21] daudousinanslnuaswaanawln
WL NANA TudSunondiesus 0.04 uaz 0.01
TuTasluamsy winiu iohumasey HI Tagld
falaldsdumanibduas inhibitor Ssanunannis
warfalalusdunazarwisndunuladaaonug
H5N1 '@ 52wn9 viral HA dushenanuanlag
@I§ATNUUUY alpha-2,3 linkage (SA-012,3-Gal) f
wulwiadonvesszuumadumslagaion [22]
wazidarelhsasuny NANA lufiaTalusdunas
win 1339 lau1InIuAY NANA UBARLTAALTN
oauasdnle 598 HI AedueInan1sesuan
HI titer 209 CM 1w 64 sausawinanslinas
waaaa liswlitgasnansiianssudsnisinng

ﬂgjwauﬁmﬁammd 213uiaINnnNYS T
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NANA Sudunsasinlydslisursnsuleny

TassUSurmiSuduidn 4 HA unit @1835013

Wasgupesasanisewdelan [17] Uszneuny Nennannib

A13197 1 HAMIL@IBY crude lyophilized glycoprotein uazUTunns NANA
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lyoplilized mucoprotein ﬁaﬂuﬂvl,@i”ﬁfumagﬂué'ﬂwmx

a

YaisgIananeIualulsznaunugd lbinednig

A0819 PSanansudn dwinusts (n3) 3818 NANA 1238 (umole/mg)
Alalustin (n3) (Sasaz) (Souaz)
WA EUNINIUE 20.0 3.8 (19.2) 0.33 (10.27)
danthany i 62.0 6.9 (11.1) 0.04 (1.24)
wagaau b 45.0 2.0 (4.4) 0.01 (0.31)

M15199 2 HAMINAFAU HI test 52314 native mucoprotein NU'1I3R

A28819 native mucoprotein 138 inhibitor HI titer

TN EUWNWIIUEH 64

danthany i 0

naanadld 0

Avian influenza H5N1 antiserum 64

laiGaanssuss 0

A15197 3 NaMINAFEU HI 52%i19 periodate-modified CM rula3a
2@31&2% molar ratio NANA : NalO, Aady 0.D. (565 nm) HI titer

Native CM 0.032 64
Modified CM 1:1 0.077 0
Modified CM 1:2 0.064 0
Modified CM 1:3 0.080 0
Modified CM 1:4 0.108 0
avian influenza A H5N1 antiserum - 64
No inhibitor - 0
Blank 0.000 0
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Inhibitor dilution 1:1  1:2 1:4 1:8

Native CM

Modified CM
i 1 |

Modified CM
1:2

Modified CM
1:3

Modified CM
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1:64 1:128 1:256 1:512 1:10241:2048

AN 2 LEAINA HI V89 native Lz periodate-modified CM (molar ratio NalO, : NANA vl 11, 1:2, 1:3 A

1:4 usau) lu 96-well micro titer plate N1138319817 inhibitor @ue 1:1 §19 1:2048 lagdl avian influenza A

H5N1 antiserum (JunguAILANLIN (WUNTIINIEN§NV0d RBC unuidanizq), lidn1ai@nas inhibitor 1w

NYNAIVANAL (WUNIILNEN§UD09 RBC WUUIISUH), Blank 31nN13%11 standard Ehrlich’s NANA assay Uae

WLz RBC Lﬂunﬁjumuqumﬂu (WUMIMzNiNVed RBC Luuianszeu)

Foinsonanalein NANA - Tuiansun
wrsndwidugrsidmursiaveslss G
wwInInsansida’liiinisvinarenianns
Wasnulaslasaai1s NANA 2895080 %niounsss
Wazaansadudsmsimzdavasliialddslay
21507 periodate oxidation Aaz¥inli NANA
’LuﬁﬁmwaauﬂmaLLduQnaaﬂs'E"l,m“L@i”wﬁﬂﬁmeﬁ
1% modified mucoprotein ma’L@Tam’azﬁﬁma"ls
Townannudutudnlugassiuas molar ratio
NalO, : NANA vOw 1:1, 1:2, 1:3 ey 1:4 NNHAK
NINARDINLINNITATIEIN 1:1 NRIUIID
\ialAi3en periodate oxidation 'lé lagvinans
WWBLIZNING C-8 NU C-7 iiaidu NANA-8 LAz
NANA-7 #3a NANA analogues R13130&ILNA L6
97N61 O.D. ﬁgaifuﬁuma [13,14]

Wewdsuifiouen 0.0, ARuduszning
Aonkaznasiwnteand laslaslsaanainves
NalO, : NANA 1% 1:1 molar 283 native CM L&

modified CM 271 0.032 1% 0.077 uratiiasan
N13LN@ over oxidation §I%IZWINY modified CM
TugaaIna99 tusiunudr 0.0, Guwdlddun
Rnduaud5unon NANA ffisdn 1i9il modified
mucoprotein nnmsmmam:"l,&iamﬁmi'uﬁ'u viral
HA ¢ ianasay HI saiuaansaidanldaniazd
wanzanlwnswasuudsslassaireaasuvashsa
laniaunlasltasinalslaloaanuiduduias
figavindgizenwadnu NANA lugamaom 1:1 Tuand
vatenuduivdoivasvesasinelslotanil

v A

desdnsAnmsdeluauina LﬁuLamﬁ'umju
wnaspiimasdnslulhszldnialnnluau (6]
n’ﬁﬁﬂmﬂ%ﬁmmma;ﬂvlﬁdﬂ CM & NANA
mnﬁq@ Aouudosas 10.27 sasundudontinans
1A mumaa@muvlmfuwuﬂ%mmﬁaUﬁq@]ﬁmﬁu
Sapaz 1.24 Uaz 0.31 MUSIAL LATNUT1 CM 1dn
whnansasuiauashsaldwiann laguaasen

HI titer = 64 WAZLBHIWAITZUIUANT periodate



MIFITUTAITWEN 91 7 aUUT 1 0.0 - 13.8. 2557

oxidation finnuTutulusamsiulusisszning
NalO, ¢ia NANA 71 1:1, 1:2, 1:3 U8z 1:4 WU
modified CM wgmmgmﬂﬁ'ﬂmﬂu NANA analogue
Wenasau HI vinlwidalialimansosuldang
N

Tagazifinin nRsANITAN BT
munsnazsianlfidunuminiemstosiunsdalde
hysldwiaunlusaidnldlassihansinalsloiaa
anuTuTuafld s s uumaauniglaves
é’@'j‘ﬁnmﬁ@WummgniﬁWmﬂﬂLﬂﬁﬂuLLﬂaa
arsudmanglwdefandefanuasiinisdad
gonaliige lsalumunsadadeld suisoitas
Wwdszlomiunnluawiea swnsaiiannaassn
1°ﬁﬂa\1ﬂ°uﬂwiﬁ@L%a"hT%i'ﬂuﬂmUw"'uf H5NT  Tu

FA30N e wazdsan laung

naansIsnsznnd

ea o

VBVDUNILAYAIINTIINARTITLUAL
NARINITRAILANTAIALATEAADUETI FIRIA
‘ﬁmﬂaﬂ AlRanutismisnazidailaaniun
o & = ~ Ao AN vo
Taqadnsalsindesnaiad IR laTy
quﬂszmmaﬁuagm’miﬁﬂvlﬁwﬁwmﬁ'ﬂwum
152310 w.@. 2555

LNFIID DY

1. Subbarao K., Klimov A., Katz J., Regnery H.,
Lim W, Hal H.,, et al (1998).
Characterization of an avian influenza A
(H5N1) virus isolated from a child with a fatal
respiratory illness. Science, 279(5349), 393-
396.

2. Claas E.C., Osterhaus A.D, van Beek R., De
Jong J.C., Rimmelzwaan G.F., Senne, D.A,, et
al. (1998). Human influenza A H5N1 virus
related to a highly pathogenic avian influenza
virus. Lancet, 351(9101), 472-477.

3. De Jong M.D. and Hien T.T. (2006). Avian
influenza A (H5N1). Journal of Clinical
Virology, 35(1), 12-13.

10.

11.

49

Butt K.M., Smith G.J., Chen H., Zhang L.J.,
Leung Y.H., Xu K.M., et al. (2005). Human
infection with an avian HON2 influenza A virus
in Hong Kong in 2003. J Clin Microbiol,
43(11), 5760-5767.
Fouchier R.A, Schneeberger P.M.,
Rozendaal F.W., Broekman J.M., Kemink
S.A, Munster V., et al. (2004). Avian
influenza A virus (H7N7) associated with
human conjunctivitis and a fatal case of acute
respiratory distress syndrome. Proc Natl Acad
Sci U S A, 101(5), 1356-1361.

World Health Organization. (2009).
Cumulative Number of Confirmed Human
Cases of Avian Influenza A/(H5N1). Geneva
Switzerland: World Health Organization
McKimm-Breschkin J.L. (2000). Resistance of
influenza viruses to neuraminidase inhibitors--
a review. Antiviral Res, 47(1), 1-17

Moscona A. (2005). Neuraminidase inhibitors
for influenza. N Engl J Med, 353(13), 1363-
1373

Barry B., Gerard G. D. and Richard
O’Kennedy. (2007) Sialic acids: carbohydrate
moieties that influence the biological and
physical properties of biopharmaceutical
proteins and living cells. Drug Discovery
Today, Volume 12, Numbers 7/8

Lamb R. A, and Krug R. M. (2007).
Orthomyxoviridae: The viruses and their
replication. In Knipe, D. M. and Howley, P. M.
(Eds.), Fundamental virology (5th ed., pp. 1647-
1689.) Chicago, lllinois, USA.: Lippincott
Williams & Wilkins.

Paerels G.B. and Schut J. (1965). The
mechanism of the periodate-thiobarbituric acid

reaction of sialic acids. Biochem J, 96(3),

787-792.



50

12.

13.

14.

15.

16.

Matrosovich M. N, Gambaryan A. S,
Reizin F. N.and Chumakov M. P. (1991)
Recognition by human A and B influenza
viruses of 8- and 7-carbon analogues of sialic
acid modified in the polyhydroxyl side chain.
Virology. 182(2), 879-82.

Suttajit M, Carol Urban C and McLean R. L.
(1971). N-Acetylneuraminic Acid Analogues II.
The action of N-acetylneuraminic acid
7-carbon
analogues. J Biol Chem, 246,(3), 810-814

Suttajit M and Winzler R.J. (1971). Effect of

aldolase on 8-carbon and

Modification of N-Acetylneuraminic Acid on
the Binding of Glycoproteins to Influenza
Virus and on Susceptibility to Cleavage by
Neuraminidase. The Journal

Chemistry, 246,(10), 3398-3404

of Biological

Koonanuwatchaidet P., Winyar B. and Suttajit
M. (1979). Effect of chemical modification of
N-Acetylneuraminic acid on hormonal activity
of erythropoietin in vivo and in vitro.
ScienceAsia 5 (1979): 161-167

Paulpandi M., Thangam R., Gunasekaran P.
and Kannan S. (2011). Sodium periodate
inhibits the binding efficiency of influenza A
virus (H3N2) with mammalian cell lines.

Journal of Cell and Animal Biology Vol. 5(1),
pp. 1-5.

Naresuan Phayao Journal Vol. 7 No. 1 Jan - Apr 2014

17.

18.

19.

20.

21.

22.

Webster R., Cox N. and Stéhr K. (2002).
WHO Manual on Animal Influenza Diagnosis
and Surveillance. Geneva Switzerland: World
Health Organization.
Rawangkhan A., Sanguansermsri D.,
Suwannakhon N., Pongcharoen S,

Pensuwan P., Chamnanpood C., et al
(2010). Comparison of Neuraminidase Activity
of the Influenza A virus subtype H5N1 and
H1N1 Using the Reverse Genetics Viruses.
Southeast Asian J Trop Med Public Health.
Vol 41 (3), 562.

Renata K. T. Kobayashi, Luis Carlos J. G,
and Marilda C. V. (2010). Functional activities
of the Tsh protein from avian pathogenic
Escherichia coli (APEC)
Sci. December; 11(4): 315-319.

Surangkul D, Pothacharoen P, Suttajit M., et

al. (2001). A

strains. J Vet

periodate-Resorcinol
microassayfor the quantitation of total sialic
acid in human serum. Chiang Mai Med Bull.
40(3):111-118.

Ralph H. K. and Dianna . W. (1969).
Structure studies of collocalia mucoid : .
Carbohydrate and amino acid composition.
Archives of Biochemistry and Biophysics
Volume 134, Issue 2, 572-576

Harvey R, Martin A.C., Zambon M., and
Barclay W.S. (2004). Restrictions to the

Adaptation of Influenza A Virus H5
Hemagglutininto the Human Host. J virol,

78(1): 502-507



