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Production of Recombinant Protein Targeting
in Selection of Antibody-like Substance Using Aptamer Technology
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1n835 Alkaline Rlasmolysis 9101wt ldsuund 2838 LC-MS/MS 3931519918 2835 Mascot Search Engine wa
MASCOT Seafeh. 1 High Score fiAn 110 uaz Mass Value iidn 27.103 a1nsulddansney Recombinant TUsiuy
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Leptospira interrogans serovar Lai (GeneBank accession numbers AE010300) tn 1A US 8uay 97 wazsneaz 96
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ABSTRACT

Leptospirosis is a problematic disease in the world. Leptospirosis is one of acute febrile illness group
whose symptoms of the early phase with non-specific of fever and headache resulting a problem in mistake of
diagnosis. Laboratory diagnosis is important for confirmation of clinical diagnosis. The tests in early diagnosis are
DNA detection and Antigen detection. Antigen detection test requires specific monoclonal antibody. However,
its production in mice is very difficult. This leading to the idea of synthetic antibody-like substance using Aptamer
technology needs target protein. In this study, production of recombinant protein targeting to positive select
specific aptamer as antibody-like substance to further detect antigen for diagnosis of leptospirosis. Electron
transfer flavoprotein subunit beta (ETF beta) protein is appropriate because of low molecular weight 25 kDa
with high antigenicity. Outer membrane proteins were isolated from Leptospira interrogans serovar Autumnalis
using alkaline plasmolysis. Separated proteins by Liquid Chromatography Mass Spectrometrya(LE-MS/MS) were
analyzed by Mascot search engine. The results showed the ETF beta protein had the high score of 110 and
mass value of 27.103. Characterization of recombinant ETF_beta was performed.‘Nucleotide and amino acid
sequences of recombinant ETF_beta compared with L. interrogans serovar (Lai{GeneBank accession numbers
AE010300) were 97% wag 96%, respectively. The result of recombinant ETF_betasprotein analyzed by LC-MS/MS
showed the matching protein of ETF subunit beta of L. interrogans with, protein score of 962 and molecular
weight of 27 kDa. The recombinant ETF_beta in this study will(be further used as target protein in selection

step of specific aptamer.

Keywords: Recombinant Protein, Antibody-like Substance, Aptamer Technology
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Days after the onset of symptoms
il 1 Diagram of leptospires in blood, antigen and antibody appear in leptospirgsis patient [4]

Fnsaremueuiiouresdesiuitidedtlussezduredsa msldisdadudedivouived dwlnadey
14lslulnausausufiued (Monoclonal Antibody) sieidie an1sialufildlunisnanlilulrausaneufivedtu lnon1san
woudaudnlulunyidiolinyasanidutudououfiausiintu 9 nduisldinaianisadrawadnas (Hybridoma
Technology) 5¥%319 B Lymphocyte (§ dulnlas) fu Myeloma,Cell Gwaduzis wufinidonuna) ot oad1aduy
Hybridomas dwaalilulrausaueufivedadinsng « [5] ‘MasAaugiionaniz Hybridomas Tnemsidedluemsidlans
Fudansyuaunsdnnszel Nucleotides (Aminopterin) suuUns Faduiad B Lymphocyte ﬁﬂﬂﬁl,vhifuﬁa%m%m
Aoluls wavavdond1 Hybridomas lUfawenvilrauaeadifiauaunsalunisasueufvefdoweufiauiisenisle
Fauandlunnd 2

Antien Tumoe
Antibody oells
lrmmz‘on Yoclate txmng cﬂs
A Ireemune cells w
@ Fusion
Hybrdomas * °
e He AY

AY Ar ‘/Tyﬁ:-:;:.::mm
Clonal * o ) (+) for production of desred
‘ antibody

Monocional  Wrpansicn AY AY

AT 2 Diagram of Production of Monoclonal Antibody [5]
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nsudelululrauoaueuvediimugeennnlunszuunswisufesdnaitodmy mnduiduinderian
famysndadenmiululaaueanoufveddunizsodonuifeifeiunAnnsaisasiaiououfived (Antibody-
Like Substance) iovd araulnalusn Tne3s Aptamer Technology (weUmniuedimalulad) l eiUssuiiiousewing
Aptamer fuluTulraueauaufived Aptamer S4ainan il ansawsedluesuuinisle wilululrausauousiven
soasseslumy Aptamer Saamuvmuuaziigunmasilifimswasuuasnnnilululrausausuiued

Aptamer 10U DNA 38 RNA 7 fiquaniafiavdoaiunsaduduluianavesanseng q ldegredumaz
aptamer @nunsatnluldlalusnwurideanvlululaaueaweudusdlua1un1sissuaznisidadelsa n1s
Wam aptamer yintunouhlunassnaans 3slaidedlddninaaes Inatlunisdnsni mengnniusgsdnldiend
Fuduiiinvesmuifaiiasimuinisdnasizid RNA Aptamers Faanusanaunuweuvenseds Tneduiuseufiaures
Feld Tuinduntsnaurauwesiansasamkeuian Fnsnsamueuived delte LazISN1IATIIISEAULIANA
RNA Aptamers #ildiannauddeannsaldluidnsasavueniion weddadelusozduvedsald vilinasidadelsals
samFtu FBidenldanunsanseiliivlusazuentiosufioing satlunaauny venaniannsoldiiielinisitede
fu AnTIaLar S vl (Point-of-Care) I

A3¥UIUNITVDY Aptamer technology [6] SUENMINITTUATIYE  Nucleasduresistant RNA Library o8
Usvnause Single-stranded RNA olisonucleotides usaziduazdidduivansii audsuaivans 5 uas 3 dausin
p39na9El Nucleotides wuUAx 1w 40 wa &l 5’ AGTAATACGACTGACTATAGGGAGTCGACCGACCAGAA-INAO)-
TATGTGCGTCTACATCTAGACTCAT3® ddfuiuansdl 5 uae 3’ wesUaiedu Nucleotides vimihiiduudnaililng
wieddu iieduduneunsnvesufisergnle (Polymerase ChainRedetion) 921RauLUA RNA (RNA Sequences) S1uau
Ussanm 1-3 x 10° WU ddfuiua RNA wiendlfiduduuuundn RNA Aptamers delu RNA azgniilsiuianase
Polyacrylamide Gel Electrophoresis FupousemAensiaEon ANA aptamers melusAuviny (Target Protein)
Sumngiidensmasiadeuweuiived Taeldmeila SELEX (Systematic Evolution of Ligands by EXponential
Enrichment) [6] fieafld Recombinant Protein.dusiu3peuduuws) Huduneu Positive Selection a1nthuiinisdns
DNA/RNA #iladléduiulustiueenty 1 RNA fiiaidenls Luvh Cloning waz Sequencing ievnaaeudnaninlunisiu
Fulusfuthmune (Binding Activity to TargetProtein) siely fauanslunnd 3
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AWl 3 Schematic Cycle for Selection of Specific Aptamers Using SELEX (Systematic Evolution of Ligands by

Exponential enrichment)

13T 1a14TUsA U Electron Transfer Flavoprotein Subunit beta (ETF_beta) Famgamdulusiu
e flesanlifisemneduyuiuioufived wogiulusiufiouisluanam 25 kDa 1newidereuntd 1#
AnwUfATemneBuyy seninslsAuvunaluagani2s kDa fuueufued vile IgM TudSuszezusnuedlsn wuraun
Tudsuynseangtasaulnalulsda uadlonaaulugsunnsenndiaslseduililsaulnalulsda uazdsuanaulnd
[7] Jald@nuisnfnsenisuenlsiuluianas 25 kDa 9nde Leptospira interrogans serovar autumnalis Tngafin
TUsfuda833 Alkaline Plasmolysisiannduiihlusiuaialuuendaeds SDS-PAGE neusudend Coomassie Brilliant
Blue R-250 91n1wl435 Westem Blotting way Immunoblotting Lﬁa@juaumiﬁuﬁﬁmmi (8] soanldannlusiud
yuraluianani 25kDa§ s ulsAuvdalug Falaidsreaunineu ldnnaeusa875 Two-Dimensional
Electrophoresis (2*BE) §21 U Immunoblot kazn153as1zilusiuneislusileluiing (Proteonomics Analysis) [9]
wardinsfnuansiieseilusiudeislusileludnisuifisusswiadonelsauarlinelse [10] vinlfanunsosuun
TUsfud fuaglutanani 25 kDa Ie 4 aldnansadudndulusiu Electron Transfer Flavoprotein subunit beta
(ETF_beta)
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A5N15A U

mateiflagaameilusiudmne Tneldlusiu Electron Transfer Flavoprotein subunit beta (ETF_beta)
Tun1slaauiis (Cloning) WdlUsAuFAenduLWY ETF beta Wisldlunséniden Aptamer sigly

nsnAnTUSAwTImNed ATy Recombinant ETF beta vt eldlunisdmden Aptamer lildansiaiiou
weuRvedredsaulnaldsd wansoldnsamuouiausunzlunsitadelsaadlnalulsdai of udulvsiu
ETF beta 3311n15usnluUsiu ETF beta NNiTe Leptospira interrogans serovar Autumnalis Iasanalusfunieis
Alkaline Plasmolysis nduihldsauadalunendae3s SDS-PAGE n¥euifudiaud Coomassie Brilliant Blue R-250
91n1Alld33 Western blotting wag Immunoblotting LﬁaQLmUM'ﬁauﬁﬁaami Wsfiuaafiuens 883 SDSPAGE 1ily
$uune833 Liquid Chromatography Mass Spectrometry (LC-MS/MS) Fs3iasevinasae?s MascotiSearch Engine
W8 MASCOT Search mﬂ‘l?u?ﬁmiwﬁ Recombinant TUs#u ETF beta 1men1s Cloning Way Sequenaifg

YUNBUNNTAIATIZH recombinant TUshY ETF_beta

1. nM30anuuUlnsaasves etfB gene MinauANNTas9LUSAY ETF beta laglasnsiiuiiandlalnafisiuns
5 @adulsduien) wevielun1sduves Restriction Enzyme fiu PCR Preductdils uaglasinsiiniaadlelnaiiil

o
a

mnuszsensinseiewlesl Ndel way Xhol @adulfaoadu) TngMswedanseitulidduiandlolns il

5’CCGCCG CATATG ATGAAAATCATCGTATTAGT-3%hay

5’CCGCCG CTCGAG TTATATAACCTTAGCTTCTT-3’

\lovinsfiudiuvesduiiauagunisairadidsiu EIF beta ¢35 Polymerase Chain Reaction (PCR)
u& vhnstrauiemuislusenunounthi [11] vipassa PERProduct Ailé#ae Restriction Enzyme Ndel uaz Xhol
w1 eus ey pET28a Tidiadae Restriction Enzyme ey waavi1n1s Transform g £ coli
BL21(DE3) ¢35 Heat-Shock Transformatioft ¥nasAmiden E. coli transformant uazasiadeulnaudilisieiznig
Sequencing

2. mMsuanlUsiu ETF beta ¥msaedaay £ coli Aldluemsiasnde Luria-Bertani (LB) + 50 pg/mL
Kanamycin 71 37°C waz¥in 15.wg1inanuEs 250 sausieundl ndsa1ntda Optical Density (OD) # 660 wiluins
feeded Spectrophotometér Lﬁai’mmiw?mlﬁﬂmmmﬁa dlo¥a OD Wiy 0.4 Fe¥minladslusfudisaanislae
n15ld Isopropyl B- d-1-Thiegalactopyranoside %38 IPTG (A3 udugasing 1mm) wdwhnsidendenadn 16
Falus weniwadesnathermsasndelnevihnistunisiiannngs 5,000 seuseund Wuna 5 il hnsnszans
wadnladetheilmeiean wasfiufl 200C suntazdhanld

3. naviWsAulvuIans nsvshntswnneadiilddhoniuiesnnuias inisdueinenousardrangnoudild

Frerhen T asHasn azanenznaudiuansazats Denature Binding Buffer [8M urea + 20mM Na-P (pH 7.4) +
0.02% NaNs] N309KIUNTEATWNTBTITFNTUIUIA 0.22 M rauthldidad sswinlsAuliuianideinos (ke
Protein Purification System) 3sldaadutl 5mL HisTrap™ w¥d1slusiufiiniziuneduiisanaiasie Denature Elution
Buffer [8M urea + 20mM Na-P (pH 7.4) + 0.5M imidazole + 0.029% NaNs] ZslUsaudilafiuun 29.49 kDa (Amnisal
MnavuNIRazaly

w&snnsvilsAuliuiansuda vinsieseilusiuiilidaeis SDS-PAGE wiuldanTusiudilédiaue
Uszanad 35 kDa (1nn31A1mnIsaluszanas 5 kDa) §9813LAna7n Post-Translational Modification Wilauinves
Tustuilaoualvgtu 16 Western Bloting Inefliilusiiu ETF beta vhufAsenduueuiivedse His Tag nutiluau
FAnInn3TURusTWInNg His Tag ?jqamagﬁdﬂiau ETF beta fiuloufivafsie His Tag
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NaN15IY kazIsiNaN1TIFY

ﬁﬂﬂiﬁuaﬁ'ﬂmﬂﬁ?a Leptospira interrogans Serovar Autumnalis 2835 Alkaline Plasmolysis TUueneng
35 SDS-PAGE w¥eufudeud Coomassie Brilliant blue R-250 9nwuwld3s Westen Blotting wa 1l ¥U AT 81
Immunoblotting iU Rabbit Polyclonal antibody #i® L. interrogans Serovar Autumnalis WU Lmuﬁﬁﬂﬁﬁ?mﬁugu
WA 5 17 20 25 35 48 63 75 80 90 uaw 100 kDa WiLAUTLIA 25 kDa fidpin1szddnuuzuauduveslusiu &
wanslunnd 4

Al 4 Immunoblotting of the ex
Leptospira interrogans serovar Autu lis. Proteins were reacted with anti-Leptospira interrogans serovar
Autumnalis from immunized_rabbit. The protein concentration of pooled fraction was 0.9874 mg/ml. BLUeye

prestained protein ladderas rker.

duaulus Da 91N SDS-GAGE lUsgygudiulae Liquid Chromatography Mass Spectrometry (LC-
o Mascot Search Engine Wawed MASCOT Search wua1 TS 25 kDa fwenls WHu Putative

Electron Tra avoprotein subunit beta of Leptospira wolffii 934 High Score 3if1 110 wag Mass Value fA1
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ik%: MASCOT Search Results
Protein View: gi|514354863

putative electron transfer flavoprotein subunit beta [Leptospira wolffii]

Database: NCBInr

Score: 110

Nominal mass (M;): 27103
Calculated pI: 5.34

Taxonomy: Leptospira wolffii

This protein sequence matches the following other entries:

gils514175575 from Leptospira wolffii serovar Khorat str. Khorat-H

Sequence similarity is available as
Search parameters

MS data file: 570124 LP1 D1 _01_1341.mgf

Enzyme: Trypsin: cuts C-term side of KR unless next s&ue is P.
Fixed modifications: Carbamidomethyl (C)
Variable modifications: i i ™M

Mascot Score Histogram

Ions score 1s -10*Log(P). where P is the probability that the observe
Individual 1ons scores = 62 indicate identity or extensive homo
Protein scores are derived from i1ons scores as a non-prob. stic

\0

100
Protein Score

0.05).
for ranking protein hats.

n
a
]

n
k=3

Number of Hits

Help
Max. number of hits 50
dard scoring ‘® MudPIT scoring ' Ions score or expect cut-off [0 Show sub-sets L
how pop-ups ® Suppress pop-ups ' Sort unassigned | Decreasing Score ¥ | Require bold red J

referred taxonomy | All entries v |

Am#l 5 MASCOT Search Results from LC-MS/MS were analyzed by NCBI and MSDB Protein Databases

diedudulainTusiu 25 kDa fie TUSAY ETF beta 933 33l¢an Recombinant ETF beta Tngaanuuulns

LUDS Y99 etfB gene a1nPutative Electrons Transfer Flavoprotein subunit beta Sequence of Pathogenic

L. interrogans serovar Lai strain 56601 chromosome | (GeneBank accession number AE010300) YU AUB 3

Amplification Product wirifu 789 Base Pairs (bp) Fsaznuludeiaulnalusiinelsawiitiu (Pathogenic Leptospires)
AaanslunIng 6
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bp
3000

2000
1500
1200
1000

800
500

<— 789 bp

M 1 2

Al 6 PCR product of etfB gene from pathogenic L. interrogans serovar Autumnalis and saprophytic L. biflexa
serovar Patoc. Lane M, 100 bp DNA ladder; lane 1, saprophytic leptospiral DNA; lane"2; pathogenic leptospiral
DNA.

nslaauflauarn1suanionnved etfB gene 3311 Recombinant BIF beta W3suifisusu L. interrogans
serovar Lai from GeneBank accession number AE010300 Wy 1 2. Nucleotide Sequence Alignment Showed 97%
Identity fauanslugudl 7 dm$u Deduced Amino Acid Sequénce Alignment uansauiviiousosas 96 91AN13
AualelUILATL BioEdit recombinant ETF beta protein ﬁﬂf’l%ﬂ'ﬂimaqa (Molecular weight) iU 27 kDa #14
wanslunInd 8

16151 Recombinant ETF beta protein 1U348318% 618 LC-MS/MS nav99 MASCOT Search U131
Recombinant ETF_beta Protein n53fiu ETF stbunit.béta v83 Leptospira interrogans §iA1 Protein Score 111U
962 wazdl Molecular weight Wiy 27 kDa falansliunmd 9

N13MA@8U Recombinant EIF_beta protein 1935 wanlusfunie SDS-Page ﬁ’dLLaqugUﬁ 10 uazls
Western Blotting Ingllusiiu ETF_beta #iaufjiseriuneufivefisie His Tag wuirdluauiiinannisdudusening His
Tag %*'aamag.l;ﬁ’uiﬂsﬁu ETF beta fUuaufivedse His Tag fawandlunmii 11
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10 20 30 40 50

R R L DI DR SRR RN BN SRR SRR

L Lai 56601 ATGAAAATCATCGTATTAGTGAAACAGGTACCTGACACCGAAACGAGTAT
recombinant etfB gene

60 70 80 90 100

e e 1 e T e e e |

L Lai 56601 TAAAGTAGGGGACAAATCCATTAACGAAACCGGAATTAAATGGATTATCT
recombinant etfB gene e s

110 120 130 140 150

T T T L |

L Lai 56601 CTCCTTATGATGAATTTGCCATTGAAGAAGGAATCAGACTTCGTGAAAAA
recombinant etfB gene

160 170 180 190 200

T T T L |

L Lai 56601 CACGGTGGAGAAGTCATCGCCGTTTCCCTCGGACCAGACAGAGTCGTAGA
recombinant etfB gene e s

210 220 230 240 250

R B B B (N T S SN NN S BT |

L Lai 56601 AGCTCTTCGAACCGCTTACGCAATGGGCGCAGACCGCGCGGTTCATAITICA
recombinant etfB gene

260 270 280 290 300

R L e N N R SN AU R SN SRR === S |

L Lai 56601 AAGTGGATAA CTACGTTCCTTTCGACACGAACAATACAGCAGAACTG
recombinant etfB gene e e e TAA L e
310 320 330 340 350

R R I BTN (NS NN IS ERNRINEY G 07 a I |

L Lai 56601 ATTTCAAACTTTGCAAAAGCAGAAAACGCAGACGTAATTATCGGAGGAAG
recombinant etfB gene . O
360 370 380 390 400
S DR UL SRR B SR BTG B UL I R |
L Lai 56601 ACAATCCATCGATACAGATTCTTCTCAAGTTGTCATCCAAGTTGCAGAAC
recombinant etfB gene Y . Y
410 420 430 440 450

SRR B BN SN SRR SR VAR U SRR R R |

L Lai 56601 TTTTAGGAATTCCTCATATTGCATTTGCAATCAATCTTGAAATTAATGGA
recombinant etfB gene T T
460 470 480 490 500

PR T T L I S e e [ |

L Lai 56601 ACCGCGGTTAAAGCTACAAAAGAAGTAGAAGGTGGAACTCAAACCGTCGA
recombinant etfB gene S 0 . Y

510 520 530 540 550
T T (|
L Lai 56601 AACTTCTACTCCAGTGGCTCTTACAGCACAGAAAGGATTGAACGAACCTC
recombinant etfB gene Y W Y
560 570 580 590 600
T T e e ot O |
L Lai 56601 GTTATCCTTCTCTCAAAGGGATCATGACCGCTAAGAAAAAACCTGTGGAA
recombinant etfB gene
610 620 630 640 650
R B I N A S R N R A N S R |
L Lai 56601 ACTAAATCTGCAGCAGATCTAGGTAGCCCCGCTAGTAAAATCGAAATTGT
recombinantetB gene . . . . .. . .
660 670 680 690 700
R N R R I N R SRS B BTSN I
L Lai 56601 TGGACTGGAGCCTCCTCCTCCAAGAATTCCAGGTAGAAAACTAGAAGCTG
recombinant etfB gene
710 720 730 740 750
A R D DR B B S ST SRR RPN SNCE R |
L Lai 56601 CAGATGCGAACGCTTTTGCATCTCAACTCGTGAAG GCTCTTAGA
recombinant etfB gene s .. TTGCTA . T.A. . GAG
760 770
T e L
L Lai 56601 GAAGAAGCTA AGGTTATATAA
recombinantetfBgene AT . . . . . .C.C . . e

A7l 7 The nucleotide sequence alignments of recombinant etfB gene and etfB gene of reference L. interrogans

serovar Lai. The dots indicated identical bases.
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L Lai 56601
ETF beta

L Lai 56601
ETF beta

L Lai 56601
ETF _beta

L Lai 56601
ETF _beta

L Lai 56601
ETF _beta

L Lai 56601
ETF _beta
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10 20 30 40 50
S O L I S e LR U IR N I
MK 1 1VLVKQVPDTETS IKVGDKS INETGIKWI I SPYDEFAIEEGIRLREK

60 70 80 90 100
T L e L N S S I I
HGGEVIAVSLGPDRVVEALRTAYAMGADRAVH IKVDN-YVPFDTNNTAEL

110 120 130 140 150
S e B L I N L N A
| SNFAKAENADV I I GGRQSIDTDSSQVVIQVAELLGIPHIAFAINLEING

160 170 180 190 200
I I I I e L L U UM S
TAVKATKEVEGGTQTVETSTPVALTAQKGLNEPRYPSLKG IMTAKKKP

210 220 230 240
R R LT B L I PPN I
TKSAADLGSPASKIEIVGLEPPPPRIPGRKLEAADANAFA

e
AKVI - - -
IEATGY I

o L 2
1N 8 The deduced amino acid sequence align &ombinant ETF beta protein with that of reference

L. interrogans serovar Lai. The dots indicated ide ses.
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M iYR%S: MASCOT Search Results
Protein View: gi|514354863

putative electron transfer flavoprotein subunit beta [Leptospira wolffii]

Database: NCBInr

Score: 110

Nominal mass (M;): 27103
Calculated pI: 5.34

Taxonomy: Leptospira wolffii

This protein sequence matches the following other entries:

e gil514175575 from Leptospira wolffii serovar Khorat str. Khorat-H

Sequence similarity is available as

Search parameters

MS data file: 570124 LP1_D1_01_1341.mgf *
Enzyme: Trypsin: cuts C-term side of KR unless next residue js P.
Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Mascot Score Histogram

Ions score 1s -10*Log(P). where P is the probability that the observed
Individual 1ons scores = 62 indicate identity or extensive homology
Protein scores are derived from i1ons scores as a non-probabilistic b

n
a
]

8

Number of Hits

Format As | | Peptide Summan

Help
Significange » | Max. number of hits [50 |
ing ‘® MudPIT scoring ‘' Ions score or expect cut-off |0 Show sub-sets L
® Suppress pop-ups ' Sort unassigned | Decreasing Score v | Require bold red [

onomy | All entries v |

A1l 9 MASCOT Search Results from LC-MS/MS of recombinant ETF protein were analyzed by NCBI and MSDB

protein databases. The arrow indicates at the protein score of 962.
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A7 10 SDS-PAGE analysis of recombinant protein expression in E. coli BL21 (DE3) by staining with Coomassie
brilliant blue R-250 staining solution

L 4
o : * : ,
AWM 11 Immunoblotting with anti-6X His tag antibody. Lane A, molecular mass; Lane B, molecular
protein marker; Lane C, inant protein
39130INAN153Y

AT IumATeusnildsenunadnuarves Recombinant ETF beta WiawSsuifiouiu L. interrogans
Serovar Lai 911 GeneBank Accession Number AE010300 nuinanuwmilsuiuvesdivindlolnd wiriusevay 97
uazpuioutureshfunsneriluviiuiesay 96 dmsudwiinluana whiu 27 kDa msidtudnluanaiiuiu
91 25 kDa Wesnnnszuaummilnauiauaznsvilusiudaanesilivians [12)
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#3UNaN13IY

ATetiUszaunadsalumsdunsieilusiutviang Recombinant Electron Transfer Flavoprotein
subunit beta (ETF_beta) wiieldlunisdaidan Aptamer sialy

AnANISUUIZNA

NuITeFuilladniaqarludied auzdIdevevreunn uadvayuuiugiu (Fundamental Fund; FF)
uUszIaiIg 1UUsEAnlauUssa w.e. 2564 $9ElATINTG: 66088 wavniigideauladyinetalevduasdluy
AT VLUNTING T TTUANARNS

LNEID19D

[1] Levett, P. N. 2001. Leptospirosis. Clinical Microbiology Review, 14(2):296-232.

[2] Palaniappan, R. U., Ramanujam, S. and Chang, Y. F. 2007. Leptospirosis:ispathegenesis, immunity, and
diagnosis. Current Opinion Infectious Diseases, 20(3):284-92.

[3] Picardeau, M. 2013. Diagnosis and epidemiology of leptospirosis.iMedecine et Maladies Infectieuses,
43(1):1-9.

[4] https://innovareacademics.in/journals/index.php/ijpps/article/view/14688/8258
[5

(6
update to aptamer selection technology. Biotechnology Advances, 33(6):1141-1161.

]
] http://personal.sut.ac.th
] Darmostuk, M., Rimpelova, S., Gbelcova, H. andiRuml{iT. 2015. Current approaches in SELEX: An

[7] Doungchawee, G., Kositanon,t U., Niwetpathomwat A., Inwisai, T., Sagarasaeranee, .P. and Haake, D. A.
2008. Early diagnosis of leptospirosis by immdnoglobulin M immunoblot testing. Clinical and Vaccine
Immunology, 15(3):492-498.
[8] Sitthipunya, A. and Kositanont,\J. 2011. Expression and characterization of low-molecular weight
lipoproteins of Leptospira interrogans for early diagnosis of leptospirosis. M.Sc. Thesis, Faculty of
Medicine Siriraj Hospital, Mahidol University.
[9] Kositanont, U., Saetun; P., Krittanai, C., Doungchawee, G., Tribuddharat, C. and Thongboonkerd, V.
Application of immunoproteomics to leptospirosis: towards clinical diagnostics and vaccine discovery.
2007. Proteomics,Clinical Application, 1(4):400-409.
[10] Thonmshoonkerd, V., Chiangjong, W., Saetun, P., Sinchaikul, S., Chen, S. T. and Kositanont, U. 2009.
Analysistef differential proteomes in pathogenic and non-pathogenic Leptospira: ability pathogenic and
virulence factors. Proteomics, 9(13):3522-3534.
[11] Kositanont, U., Wanna, W., Duangchawee, G. and Tribuddharat, C. 2014. Characterization of recombinant
flagellin B protein from Leptospira interrogans. Southeast Asian Journal Tropical Medicine Public Health,
45(5):1080-1089.
[12] Huang, J. L., Huang, J. H.,, Shyu, R. H., Teng, C. W,, Lin, Y. L. and Kuo, M. D. 2001. High-level expression
of recombinant dengue viral NS-1 protein and its potential use as a diagnostic antigen. Journal of Medical
Virolology, 65(3):553-560.

msUszyuIvnisssavyaaInermans malulad uazuinnssy asei 4 Uszdrl 2565
"“Ingrmansuazinalulad aieassAuianssuinayuyy”
8 wuweu 2565 a4 padzInermansuazmalulad uidnerdesvigiag


https://innovareacademics.in/journals/index.php/ijpps/article/view/14688/8258
http://www.ncbi.nlm.nih.gov/pubmed/19579228?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19579228?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/25417509
http://www.ncbi.nlm.nih.gov/pubmed/25417509

