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Electrochemistry rapid as method for identification influenza
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1. Introduction:

Influenza, antiviral drug and mutations of sequence in influenza viruses
(resistance of antiviral drugs) and electrochemical method for detection
mutations in influenza viruses

2. Material and Method:

Designed of experimental and arrays chip
3. Results

4. Conclusion
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1. Introduction:

Influenza is an infectious disease caused by RNA viruses of the family
Orthomyxoviridae.

Influenza is considered to be one of the life threatening
infectious diseases.

The genome of the influenza virus encodes 8 genes:

8 genes

‘1. HA
~2.NA
3. PA
4. PB1
5. PB2
6. NP
7. M
8. NS
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1. Introduction:

The threat of an influenza pandemic virulent, highly transmissible has motivated an
escalating research effort to identify the transmissible genotypes of avian influenza
viruses that cross over into the human population (avian-human transmission) and
sustain human-human transmission.
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1. Introduction:

Antiviral inhibitors have become an important alternate means of containing the spread of
influenza. The current antivirals are mainly against the neuraminidase (such as zanamivir
and oseltamivir) and the protein M 2 (such as adamantanes).

'u%ﬁ
AR

However, mutations in the influenza viruses induce resistance to antiviral
drug.

DNA Sequence
AAATTT

AATTTT
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1. Introduction:

New molecular techniques are required urgently for the rapid detection of the
mutation in the sequence of influenza viruses

CombiMatrix ElectraSense™
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2. Material and method:

New chip (arrays with 2000 oligonucleotides probes)

Semence

TCCTCATAATGA AAATTGEG- 3
“TCCTCATAGTEATAATTAGE-3
“TAGCAATIGCAGGGATCCTA 3
TCGATCAAGAGGCCATSTTTS
ACACATAAGGTICTCTIGT.
GTTEAAATCAGTTTCAATGG-3

ACCGTTAAAGACAGAAGC C-3
AGGGAAAGTAGTTAAATCAG3'
~CCAGAAACATICTGAGEACT 3
TACATGATAGGAGTOCCCAT

pr————

- AGAGAAGAAATAGATGGGETA-3

e ez istinie ACCCAAAGCTCAGCASATCS
hecrmpzivtinics: TCTCTGGACATACAATGC TG
henmezistne 5 ATCAACACTAAATCAGAGETC- 3
[E———— CTITIGTIGAACGCAGCALAG-3'
hecapistnice: “GACCTTAAAAGCACTCAAGC-3
————
P
henmpz st
rucloc spsid prosin
lcleoc spsd prosin
lmscleoc apdd proein

id prosin
mckeocapsd proein CY1138402 ~GATTATCAAGGGCGETIGA

lig433830.1 LCTTCAGTCTIATCAGACCALA S

G3

ATGA A4 ACAGA ATCGTGCTE 3
“TEAAGAGEEAGATAACATIC-3

“CTTTGTCCAAAATECOCTIAA 3
AACATETGAACAGATTGCTG-3

[HQs0702.2
CY12%00.1
[ED582203 1

CTEAAATTAAGCATIGAGGAC-]

CY10367.1
lig433883.1

VDSB8
CYDRES1E.1

T 1
[F1703288 1

CGATTGAAGAAGTGAGACACAA 3
~TEETTAATTGAAGAAA TGOGG-3

ACGGAAAATGGOGAGAACAA-3
TGATTCAGGA AGTACGACATA-
“ AGAACAGTTAGGTCAAAAGT
CTEGCTOATTGAAGAAGTEC 37

AAGTGCGACATAGETTGAAG 3¢
TEGCTGATTGAAG AAGTGC 3

The sequences were used for probe design Genbank®
number (the NIH genetic sequence database) of
genes. A total of 80 oligonucleotide probes were
synthesized and printed onto the CombiMatrix
CustomArrayTM  4x2K microarray support to
generate the prototype chips for the different
influenza viruses

Table 1. The Summary of sequences of the selected specific
microarray probes and number assigned in the microarray.
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2. Material and method:

[Viruses Genes [GenBank accession number | Ol ides probes with one mutations
Seasonal A(HINL) [newraminidase CY076797 5-TCCTCATAATAAAAATIGGG-3'
Pandemic A(HIN1) |neuraminidase Q377078 g G
H2N2 neuraminidase C125896.1

H2Ng neuraminidase HM589207.1

IAH3N2) neuraminidase 60293082

HaNg neuraminidase 1Q433881.1

seasonal A(HSN1) |neuraminidase CY053327.1 v g

HPAI A(H5N1) neuraminidase [EU263982.1 5'-AGGGAAAATAGTTAAATCAG-3"
H7NT neuraminidase |AY340079.1 CAGAAAAATTCTGAGGACT-3'
HON2 INC 004909.1 “TACATGAAA GGAGTCCCCAT-3"
Seasonal A(HIN1) |hemagglutinine JN017181.1 ~AGAGAAAAAATAGATGGGGTA-3"
Pandemic A(HIN1) [hemagglutinine 1X625498.1 “ACCCAAAACTCAGCAAATC-3'
H2N2 CY125918.1 “TGTGTG AATACAATGC 3
H2Ng hemaggtinine HM589205.1 -ATCAACACAAAATCAGAGGTC-3'
IA(H3N2) hemagghtinine: 1X844665.1 TTTTGTTGAAAGCAGCAAAG-3'
H3Ng hemaggiutinine 10433879.1

seasonal A(HSN1) | hemagglutinine CY053325.1

HPAI A(HSN1) EU263981.1

H7N7 hemagglutinine |AY338459.1 JAAACGGTGGAACGAAAAAA-3"
HoN2 i INC_004908.1 -GTAGTGCAAAGTCAGACTGA-3
Seasonal A(HINL) [nuckeocapsid protein CY087027.1 5-ATAGACGAAAAATGGATGAG-3'
Pandemic A(H1N1) |nucleocapsid protein 1X625388.1 5-GACGACTAAACCAGAATAG "
H2N2 nucleocapsid protein CY125897.1 -AGAGAGAAAATG GAAAGTGGA-3
H2Ng nucleocapsid protein HM589206.1 -AATGGAGAAAACGCAAC!
IA(H3N2) nucleocapsid protein CY113840.2

HaNg nucleocapsid protein 1Q433880.1

seasonal A(HSN1) |nucleocapsid protein CY053328.1

HPAI A(HSN1)  |nucleocapsid protein [EU263985.1

H7NT nucleocapsid protein AY342425.1

HON2 protein |AF255743.1

Seasonal A(HIN1) |matrix protein 1 CY087025.1

Pandemic A(HIN1) [matrix protein 1 1X625390.1

H2N2 matrix protein 1 CY125895.1

H2Ng matrix protein 1 HM589208.1

IA(H3N2) matrix protein 1 Cv113838.2

H3Ng matrix protein 1 1Q433882.1

seasonal A(HSN1) |matrix protein 1 CY053326.1

HPAI A(HSN1)  [matrix protein 1 EU263984.1

HINT matrix protein 1 GUOS3111.1

Honz matrix protein 1 A1278646.1

Seasonal A(HINI) [matrix protein 2 CY087025.1

Pandemic A(HINY) [matrix protein 2 1X625390.1

H2N2 matrix protein 2 CY125895.1 -AACACGGTCTGAAAAAAGGG-3'
H2Ng matrix protein 2 HM589208.1 ATCATTGGGAACTIGCACTT-3'
|A(H3N2) matrix protein 2 CY113838.2 5 TTCAAACACGGTCTGAAAAAA-3'
HaNg matrix protein 2 1Q433882.1 5-GCCTTAAAAACGGTTTGAA-3'
seasonal A(HSN1) |matrix protein 2 CY053326.1 5-TATCATIGGGAACTTGCACT-3
HPAI A(HSN1) matrix protein 2 [EU263984.1 "GCCTTAAAAACGGTTTGAA-3"
H7NT matrix protein 2 GU0S3111.1

HoN2 matrix protein 2 |AJ278646.1

Seasonal A(HIN1) |polymerase PB1 (CY125673.1 “AAAATG ATGACCAACTCCCA-3"
Pandemic A(HIN1) [polymerase PB1 HQ240702.2 -AGTGGAATGAAAAACAAAATC-3'
H2N2 polymerase PB1 CY125000.1 “TGGAATGAGAATAAAAATCCT-3'
H2N8 polymerase PB1 HM589203.1 JGATAAAGAGGAAAAGGAAAT-3"
IA(H3N2) polymerase PB1 CY112071.2 “TGAATCTTGGGCAAAAAAAA-3
H3Ng polymerase PBL 1Q433877.1 5

Iseasonal A(HSN1)  [polymerase PBL JF758819.1 > > -

HPAI A(HSN1)  [polymerase PB1 EU263987.1 “AGAAAAAGGTAACACAAAGAA-3'
HINT polymerase PBL |AY340083.1 - AATTACTGGAGAAAACACCA-3'
HON2 polymerase PB1 INC_0049111 -AGTAAAAGCATGAAGCTACG-3'
Seasonal A(HIN) [polymerase PA CY125671.1 “AAAACAGACTATICACCATAA-3'
Pandemic A(HIND) [polymerase PA 1Q433878.1 i G-3'
H2N2 polymerase PA CY125923.1

H2Ng polymerase PA HM589204.1

IA(H3N2) polymerase PA C113858.2

HaNg polymerase PA 1Q433878.1

seasonal A(HSN1) |polymerase PA CY053330.1

HPAI A(HSN1)  [polymerase PA EU263986.1 5-GGGCAAGCTTTCTCAAAAG
H7NT polymerase PA AY342418.1 5- ACAAAACCACGCCCTCT-3'
HoN2 polymerase PA INC_004912.1 TGAAAATAAGCATIGAGGAC-3'
Seasonal A(HINL) [nucear export protein (nep) [CY125670.1 5-GATTGAAAAAGTGAGACACAA3'
Pandemic A(HIN1) [nuclear export protein (nep) |HQ240288.2 “TGGTTAATTGAAAAAATGCGG-3'
H2N2 nuckear export protein (nep) |CY125898.1 - ACGGAAAAAGGCGAGAACAA-Y
H2Ng nuclear export protein (nep) |HMS589209.1 “TGATTGAGGAAATACGACATA-3'
IA(H3N2) nuclear export protein (nep) |CY103967.1 - AGAACAGTTAGGTAAAAAGT-3'
H3Ng nuckear export protein (nep) |1Q433883.1 ¥ >
seasonal A(HSN1) |nuckear export protein (nep) |CY053329.1

HPAI A(HSN1)  [nuclear export protein (nep) [CY098618.1

HINT nuckear export protein (nep) |GUOS3125.1 -AAGTGCGACAAAGGTTGAAG-3'
HoN2 uclear export protein (nep) |F1793288.1 5 TGGCTGATTGAAAAAGTGC-3'

Other part of array have probes specific
sequences with one mutations to influenza
subtypes

Table 2. Summary of sequences of the selected specific array probes
with one mutation in the sequence and number assigned in the
microarray.
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2. Material and method:

A(HIN1) Neuroammidase HPAT A(H5N 1) Matrix protein 1
Sequence of gen 1 Sequence of gen 38 Oth t f h b - f T
W/i0 5'-TCCTCATAATGAAAATTGGG-3' 5'-ACTGCAGCGTAGACGTTITT-3" er par O array aVe p ro eS Spec I I C
M 5'-TCCTCATAATAAAAATTGGG-3'  5-ACTGCAGCGTAAACGTITT-3'

MM 5-TCCTCATAAAAAAAATTGGG-3'  5-ACTGCAGCGAAAACGTTTT-3' 2 th t th d f
MMM [5-TCCTCATAAAAAAAAATGGG-3'  5-ACTGCAGCGAAAAAGTTTT-3' Se q U e n CeS W I O n e y WO y ree a.n O U r
MMMM  [5-TCCTCATAAAAAAAAAAGGG-3' 5-ACTGCAGCGAAAAAATTIT-3'

5-TCCTCAAAAAAAAAAAAGGG-3' 5-ACTGCAGCAAAAAAATTIT-3' I T
— H2N2 I\Itn'ix prote:LAL Seasonal A(Hl.\{l\; Man'i:;otem 2 m u tat I O n S to I n f I u e n Z a S u btyp eS

Sequence of gen 33 Sequence of gen 41
wi0 5'-TTAAGAGGGAGATAACATTC-3' 5-TCGCTTTAAATACGGTTIGAA-3"
M 5-TTAAAAGGGAGATAACATTC-3'  5-TCGCTTTAAAAACGGTITGAA-3'
MM 5'-TTAAAAGGGAGAAAACATTC-3" 5-TCGCTTTAAAAAAGGTTTGAA-3'

MMM 5-TTAAAAGGGAGAAAAAATTIC-3"  5-TCGCTTAAAAAAAGGTTTGAA-3"
MMMM  |5-TTAAAAGGGAAAAAAAATTC-3"  5-TCGCTTAAAAAAAAGTTTGAA-3'
MMMMM |5-TTAAAAGAGAAAAAAAATTC-3"  5-TCGCTTAAAAAAAAATTTGAA-3'

A(H3N2) Hemaghitinne Seasonal A(HIN 1) polymerase PB1
Sequence of gen 15 Sequence of gen 51
wio S-TTTTGTTGAACGCAGCAAAG-3'  5-AAGATGATGACCAACTCCCA-3'
M S-TITTGTTGAAAGCAGCAAAG-3' 5-AAAATGATGACCAACTCCCA-3'
MM 5-TITTGTTGAAAACAGCAAAG-3' 5'-AAAAAGATGACCAACTCCCA-3"

MMM S-TTTTGTTGAAAACAGCAAAA-3" 5-AAAAAAATGACCAACTCCCA-3'
MMMM [5-TITTGTTGAAAAAAGCAAAA-3  5-AAAAAAAAGACCAACTCCCA-3'
MMMMM [5-TTTTGTTGAAAAAAGAAAAA-3" 5-AAAAAAAAAACCAACTCCCA-3'

HPAI A(H5N1) nucleocapsid H2N2 polymerase PA
Sequence of gen 28 Sequence of gen 63
wio 5-ACATATCAGAGAACGAGAGC-3" 5-AGAACATTCTTTGGATGGAA-3'
M 5'-ACATATCAGAAAACGAGAGC-3' 5-AGAAAATTCTITGGATGGAA-3'
MM 5'-AAATATCAGAAAACGAGAGC-3" 5-AAAAAATTCTTITGGATGGAA-3'

MMM 5-AAAAATCAGAAAACGAGAGC-3" 5-AAAAAAATCTTTGGATGGAA-3'
MMMM  [5-AAAAAACAGAAAACGAGAGC-3" 5-AAAAAAATCTTTGGATGAAA-3'
MMMMM [5-AAAAAAAAGAAAACGAGAGC-3" 5-AAAAAAATCTTTGGATAAAA-3

Table 3. Summary of specify sequences of specific probes for different influenza virus with one, two, three and
four mutations within the microarray. Selected viruses were A(H1N1) Neuroaminidase (1) , HPAI A(H5N1)
Matrix protein 1 (38), H2N2 Matrix protein 1 (33), Seasonal A(H1IN1) Matrix protein 2 (41), A(H3N2)
Hemaglutinine (15), Seasonal A(H1N1) Polymerase PB1 (51), HPAI A(H5N1) Nucleocapsid (28) and H2N2
Polymerase PA (63). W/O — without mutation, M- one mutations, MM — two mutations, MMM — three mutations
and MMMM - four mutations.
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| matrix protein 1

[ENG20208.1
CY1138382

\
Sequence
TCCTCATAATGA A4 ATTGGE-31
TCCTCATAGTGA TA ATTAGG-37
Oli leotid | tary t ts labeled
[E17263982 1 ’ - - - -
o on the 3’ end with biotin was obtained from
|22
Seasonsl AHIND)  [henmezbinie
[ he gz betinine ACCCAAAGCTCAGCAAATC-3 - -
e Teeosue Metabions International AG (German
e gz litinine ATCAACACTAAATCAGAGETC-3 I I y .
he meezlstinine TITTGTIGAACGCAGCAAAG-3
[ he gz betinine CGACCTTAAAAGCACTCAAGC-3"
[ he gz betinine GECAATACACCACCCTAATS
[ he gz betinine CTCCAGAATATGCATACAAAA-T
e regzbutinine
[raoclooc apsid promin
eclzoc apsid promin
raoctooc spsid promin
eclooc spsid promin [En 5502061
eclzoc apsid promin CY1138402
eclooc spsid promin 10433880,
<l id proein CYD53328.1
raoctooc spsid promin
eclzoc apsid promin
| marrix protein 1 ACTATACAAGAAGCTCAAAAG-3"
| maix protein 1 ATGAAAACAGAATGETECTE 3
| matix protein 1 -TIAAGAGGGAGATAACATIC-3"
ranix protzin L CTTTGTCCAA AL TGCCCTTAL 3 F
| matrix protein 1 CY1138382 AACATETGAACAGATTGCTG 3¢
| maix protein 1 Q4338821 TACAGGAAGCTTAAAAGGEA-3"
| maix protein 1 CYD53326.1
| maix protein 1 [EU265984.1
ein prorsin 1 GossLiLg S—

Mix Oligonucleotides 3” biotin complementary

sequences of Influenza viruses

sz iear smport proein (nep)

[FT793288.1

AY34418.1 ACAACACCACGCOCTCT 3"

[NC 0040121 CTGAAATTAAGCATIGAGGAC-3"

CY125670.1 CATIGAAGAAGTCAGACACAA S
|Pendemic AHINT) Q2402882 TGGETTAATTGAAGAAATGOGG3 "
[N ) [C¥125808.1 ACGGAAANTGGOGAGAACAA -3
[FONE ) (EMEE0209.1

TECCTEATTCAAGAAGTGC -3
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2. Material and method:

NN
o

N N N\

Oligonucleotides probes of influenza viruses inside of the chip

Mix Oligonucleotides 3” biotin complementary
sequences of Influenza viruses

NNA .

The 3’ Biotin Oligonucleotide probes Mix microarrays were hybridized
for 1 h at 40°C in hybridization solution
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3. Results:
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Oligonucleotides probes family

Figure. The average signal for probes oligonucleotides family and + error standard after hybridization. B) Image of
microarray of influenza:1) the position and intensity signal of 80 normal oligonucleotide probes, 2) 80 oligonucleotides
probes with one mutation and 3) 32 oligonucleotides probes with one, two, three and four mutations in the sequences. All
probes have 10 repetitions inside on arrays.

The sensitivity of the CombiMatrix influenza detection system was high and the specificity was 100%. Therefore,
the prototype CombiMatrix influenza microarray system is an effective method for influenza subtype analysis.
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3. Results:
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The results of ours study showed a general decline in the signal when the probes have one mutation in the

sequence
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3. Results:

>
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The results of ours study showed a general decline in the signal when the probes have one mutation in the

sequence
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3. Results:
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Increase of mutation in the sequence
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A(H1N1) Neuroaminidase (1)

HPAI A(H5N1) Matrix protein 1 (38)
H2N2 Matrix protein 1 (33)

Seasonal A(HLIN1) matrix protein 2 (41)
A(H3N2) hemaglutinine (15)

Seasonal A(H1IN1) polymerase PB1 (51)
HPAI A(H5N1) nucleocapsid (28)

H2N2 polymerase PA (63)

The 8 different specific probes of different influenza virus with one, two,
three and four mutations in the sequence within the microarray showed a
decreased in the signal when increased the number of mutations in the

sequences
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4. Conclusion:

- The sensitivity of the CombiMatrix influenza detection system was high and the
specificity was 100%. Therefore, the prototype CombiMatrix influenza microarray
system is an effective method for influenza subtype analysis.

- Clear decreased of signal in electrochemical detection technology show that this
novel electrochemical method can be used with high reliability for the detection of
one mutation in the sequences of influenza virus.

- These results shown that the CombiMatrix ElectroSense™ influenza is novel
method for identification mutations in the sequence of influenza and give us an
approximation of the number of mutations suffered influenza virus, because
influenza viruses display a high mutation rate and complex evolutionary patterns,
inducing antiviral drug resistance.
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