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Antibody engineering was successfully employed for bio-imaging application.
Firstly, the expression vector for the generation of scFv-GFP fusion was constructed.
Then, the recombinant expression vector was successfully expressed in three different E.
coli hosts and purified by immobilized affinity chromatography (IMAC). After that they
were used for bio-imaging of acute myeloid leukemia (AML) and bacterial cells, and
observed with confocal fluorescent microscope. Endocytosis of scFv upon biding to the
surface of lived AML cells could also be ovserved. However, their was a fading problem
of the signal; therefore, another method for bio-immaging was investigated. In this
second method, a fluorescent-conjugated anti-6xHis antibody was used as a secondary
antibody to detech 6xHis tagged scFv and the results indicated that a good signal could
be observed using this method. Moreover, in addition to fluorescent microscopy, this
method can also be used for bioimaging using electron microscopy and other imaging
techniques including the detection of cellular proteins by westernblot analysis, enzyme-
linked immunosorbent assay (ELISA) as well as cell surface staining and analysis using
flow cytometry. Thefore, it can be concluded that this research project was
accomplished according to the planned objectives. The results of this research are being
prepared for publication in 2 internation peer-review journal with good impact factor
and 1 patent application. Accordinlgy, the materials and methods of this report is written
in English. In addition to publications, this research project was also used to train at least
6 students and researchers in the laboratory. The output of the research can be applied

for a wide variety of bio-imaging applications in the future.
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1.1 anudAyuasnuveaslyninisidy

wialulaBnsvinlinwnnedine1using vie Bio-imaging Wumadafildlunsuansdiu
#aq viseluanadumnzneluwad Tuanne vietanaingg dsldanmnsoueiuldfendes
qanssmlinld mszdedldnsrurunisiivay lumsdenluanadimzioansSeauas vie
nanoparticles UaINTINAILNABIYANTIAU 1303Ua3 (Fluorescent microscope) 13oNa04
qanssmidiannsou (electron microscope) itevhlfansauanufunmlidaiau aeay
suannsnldinniunszsuaunisaie lugadiifesnisdnuldesrsazt Bealuszduluiana
Fedumaluladdis Sdnoain uagdszAniamgs lunsfnwidiuenydiineivevad
(molecular cell biology) Lﬁ@iﬁlﬁmaﬂﬁmmﬁlmjLﬁmﬁmszmumimq8] melulraaluedn
Wenudla nszurunsiau n1sisaivle nnsnevausdrodawIndeurien wavdasl
dnlaanvniuiaeveanisiialsa vieaulaundinieg Tusranieddidie sildanson
wuansluns Yesdu Urde Shwn Adadelsannge laegreliuss@nsnin lnganiguuinienis
Snwndesiulsanwilvg s1eq wu msShwwuuy e (target-based therapy) n133nwnlagns
T wadduriin (stem cell therapy) Buthd (sene therapy) sauvienswanne v fae
WATIATIR0E19911UgN (high-throughput) Wiewaue g (drug discovery) Bnée
[1] nenvntuudanaiad Ssasnuszgndldldlunie nsnues Awandou wazuily
walulad Iauiu [2,3]

Twanananifiauddgy dwmsuldlumelia Bioimaging e wouRved Fuduaismig
Finm Nilnaaudivdnaeauansalumsduiuidmnglaegadiwng wazudugn 38013
wmsgulunisldveudved luldd msumatlia bio-imaging Wy dulugjuarvzsoslduousiven
v A . Aa v N = Y =
AN o (secondary  antibody) nenaain (label) MIEAITLIIDILEY BT9NBY UIIUNDU 99
a1u1sninlideddndesganssaiieliinnmnisdiineala minldldueudveddin o Mn
281NV XADWINNITARRAINLOURUBARILIN (primary antibody) fusnlaensineu a9
< ad A a Yo d' [ Aa
Juwismsiigeenn wazlianlddnenigeann liiluniiew [4]

woudvedfiaunsatluldlumeda bio-imaging i oraifuldns polyclonal e
monoclonal antibody Fanielalaenis nsedu (immunize) @ ifinszgndundsiinsnsg fe
antigen lulwadfidesnsine lnedniezndnueufivedoenunludendiu serum Bun3n anti-
serum %39 polyclonal antibody @u monoclonal antibody ﬁumamm‘iﬂéﬂmamﬂﬁmﬁﬂ
hybridoma tlaqtumeuléain wy uay nszeine ogslsfniufaudidn ueufved s b uuu dax
annsawdnldlionn waraunsousegndldldodraniiing widdedifafiddyie o) dod



NTUERT ) Jaruuniulusiuusazsaunsnanlunsalees polyclonal antibody ) wwad
hybridoma lddiafies lunstives monoclonal antibody &) is1iadeniigmindesnisuantlu
Uinasnnuas Tuszezengs uazssmsfiddyiigafe ) liawnsailuussgndldlunissnm
way iy hish-throughput 1¢f [1]

Fiiulusseziian eo ndREwINT SnsWwauIIsnsMairanssuLauRUefniee
Wielvanansaufdamisnandrasiu Tnslangeg1sdinAdoua giauihlandndngflijay
Tlunsudnueufuefidmiun1sine (therapeutic antibody) wagifieldnisnsrndiaseiidl
Usgdnsan fren1silin1mnis@aingusing (bio-imaging) #9n1sidenagimunianie
M AMINTSULUAUR N5 TIT A9 uazShulsaty ﬁmammmdmﬁué’mmm 1ng
lfaeuAsuIEMe1vualng iammmwLawwumqmul,wﬂiuiaammw Iuﬂsvmﬂwwummm
lan [5] dvuludsznelng n9ideuagimuidiuininssuneuivednduiegtasunn W) i
welulagiddumaluladiiddnaniman LLazmﬂmmSLSﬂumﬁmmmzwwmmqLwﬂiu‘laammw
AuAnee vesUssmnalmduoded iwﬁngszhaamnumimamwu@uaﬁ AM5UNIIRTINATIEN
TuszezenléBnde Tnsamensimuiueuivedse anticen Nfianuddylulsema wilidu
faulalunguussmaiivamnud feiidesanmsuszgndlduoufived lunudu  bio-imaging
fuildheninisussendldifionisineilse Safeshunssuiunmsnsaaeumueuiidudeu (6]
Tnsin9ideil SujaduiasliBmemndmnsuueuivef Tunsiauueuveddmiuldlua
AU bio-imaging

vesufiRn1seaumalulagdinm vesiminlasinisidy lauszynaldmalulagnisuans
TsAuuuRama (phage display technology) tienisuanueufiveduuilvsiunlnedisu auds
UaqUu osUfuRnisd faguranfiaaninlunisuansueufvefuysd wazaruisondn
recombinant antibody #le  antigen lévansuiianda nvidlutlagtuiites fifinissmmes
synedomeluladasun 14fin1sAasandesganssmi confocal fluorescent microscope i
AUANA o tazes Infouldary Fudulonadud Admdrazlédvinsiauiweudued aan
ﬂé’qLWﬁ]ﬁﬁwmsﬁﬂuﬁmUQﬁ’amwaﬁwmiﬁ THmzaufuaums  bio-imaging  siawitanns
Anw13981398n UALNITNTIINATIER NIAIU N19NYAT wagNIaNITuImE LieTiviufy
Auintmainenisveaneluladil Ineezldisnisme antibody engineering lunisadns
Guluanausuived Miafies awnsandaldlutiinugs 910 wuafise Bad viewaddnd iioan
AUNUNITHER LLav’LﬁL%amGiaiﬂamqﬁ’uaﬁﬁaqLLaa iielanunsntluuszgndlusums  bio-
imaging meumaumm (one-step) waiiosesumalulad high-through  put mzmsz]uuiu
auAalasaly

1.2 IUITaIAYaINIIIY
WanaukazUszgndldmatianiaiainssuiaudued (antibody engineering) Tun1s
HARLOURUBRAIMFUNSIINIMNITINEIUTING (bio-imaging) Tnewusdumdetesmsil



121 ieadiueuivedlvannsalfiduasiilinmmeininedmngluduneuden
Tnglideurany Iﬂiauﬁﬁ@mamﬁa Fluorescent %38 Bioluminescent
(recombinant bio-imaging antibody)

122 \ieWuniansnan bio-imaging antibody Aamundusnle TuuTunaes dese
nvinliuzans wanguinisldau anszuunisuanseanvesduly wuadise
Wso Ban

1.2.3 LﬁaﬁwLLauauaﬁlﬁﬁwmsﬁumﬂﬁﬁwiﬁﬂWiwwqﬁuq%’;ﬂsimlﬂwﬁﬁ bio-imaging
¢he Tnenfisufiuisnisuimsgiuild polyclonal wie monoclonal antibody

1.3 Y9ULYAVBINITIY

Tassnstiagyin Amnssunoufvefiamzildanaduraluguuuuaeidion vide scfv 90
WoUfuRnsvesimTilaATINg MnturhnsAnsANEsalunsi bio-imaging Auwad
w3e LWshuluwad faendesganssal Confocal microscope ¥ad Und WUAUITNITUINTIIU

1.4 Q¥ FUNAFIU LAZNTOULUIAUANYDILATINTIY

N15YAIMMeTINeAUIINg (bio-imaging) Fumeluladiivildvansistuiudimne
fifesnsfinu wosedesdeilldluntsnsaiesed imeluladdldsunswamnnnlugisnails
unni iWeldlunsnundsdinlinnszdusausdluseiuluanassdlseneuluead sefuad
oo e¥u9w sulufanguussnns Qadn) vlsininemansaunsafnussuureanis
Fauwedadiiinuuussdsaufiuiunaiuassuns (spatiotemporal) vasdafigosnsane
analanainils fuvdsuulamasnnainiuaniizuindeunisuon dadusssuidves
sAUsEneUYRsTInnnvdnidealinsufduwus uazduniniedetunaoaiian malulad bio-
imaging  3ufunuimsmsinnilndifesnnuaidusssuvafiardroiadn viesnunui
MsfnwuUUS Iz Tiazaru (reductionist) Sudunuamandnluns@nwinsdrinelusmssy
febnanil [6] FeduFsorananliieluladiuazazdiommnounsiinednvaneusensi
filsiannsnesuieldluilagty wasdiormfumuyndlmallunisdumenfifiussansnmannduld
Tuswiandname [1]

waluladmsvhamnsdineliusng Ussneusemaluladfivainvats uwaziduny
a1 Reasiednu $93nen Tuedl 1l uar WAnd Wdhetu Bnsildtusuluanandeszuui
foamsfinu sauslaanafifufiugiuvesdsd®ionneiin Ao Tshiu DNA RNA Gefesldinada
\Wu X-ray diffraction crystallography, Magnetic Resonance, Cryo Electron Microscopy,
Atomic Force Microscopy Jusu drumsinulussiuwaduioiiode faludmneves
Tasen93deil 1duoufvediifnaaindisainiewandundnlunisiinset iedudved
fumiswaduananioaiviznelulwadiidesnsdnu daduismsiilitusguniiaalutiagiu

YDNINUULAL NITHAAIAINNITITEN1VDIYAE WaLldoLds J99719%lananalad ULy



Synchrotron FTIR Sepctral Microscopy, Raman Spectroscopic WHudu LLazﬁWEJ’sjﬂ bio-
imaging  e5iufian1suansn mdeldIaidussuu Ndudeu wuu o 98 Fedesldlusunsy
AoNIWasTUTaU [6] Feeguanimileannsaunsidevedtasansi

woupvei WulladudAglusu bio-imaging Tu unuvInuandnlaneisn1su1nsgIu
97y polyclonal uag monoclonal antibody TngdrukleyaAINIsAaINTBILaURUBALY
.. . Ko 2 A v A Y] 1 I a aa a
UM bio-imaging 3Tl Juf b 99910115l HENSS YT eg1slsAimuLouRUeANNAR LAY
Bnsumsguiuiitedndavaieysens waslinangeianlanailitiwungs lasansideiias
a £ A v A a a = ° a aa - a Y]
Anduiiteldinalindmnssuneuiived lunmsdueuivenignasiadusigimalulagmaluimm
RoMeISN1IN1venyTVIne s ugeniauiniududiu Wenisussandldlununi
bio-imaging atutlagiudslisnneanudusaliuindnlasianznisidesasiaunlulssinalng
vsloradumsnz38n159 antibody engineering tursudnsensedldynains waziaioslefi
AN Bnvisluyntunaudosdl vector NTAMAMIUNITNGS kay/¥30 TIAINTTULOUAUDA B
vector wandl drunnnlifivnglunesnain dnaesiaununiesneulagianiy  vectorfisl
AuantRNf (esnuaudveddiulugdniyarinianisnainiigauindniandes confocal
fluorescent microscope 7ifiAAN G warkTdALT I lumsldRgmlAenguiu

menguauIdemalulag@ininuuiunavesiminlasimsliainisauaiiuagiam
wmAdANSHER antibody Frewmaluladwaiudalusydunils Sluszaunsaluinenns snvads
fausjssiuiasiauideseamaiinidinssnuouuefuuudug tilen1sUuszyndldnig
weluladdnmiivainwane miﬂizqﬂﬂ%lﬁamuﬁm bio-imaging Wusuiivnauls wazd
Fupougmahllfasdigsenuihmehusuiueifionsinudnisdannsayszgndldvoma
MLINE 1eAs uLarAuanden Saunsdsanunsnsessumaluladnisiieseiuuy  high-
throughput Tiaziintuluewian Tasin1stiseiesiidrelunsiauinermansuazinalulad
vosUsznAliinviulssseulan uaziluiihvesendeuldsoly
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NUNIUITIUNTTULALANTAUNANNYIVDY

woufived (antibody) Aelusiudinuldluden vindes uavarsdnndeineg Tusienie
voadnifnszgnundsiniid fyluszuugfiduiuvesiname fnalnaguldnugui o
wauRvaRgnAunuasausnlul A 1980 Tny Emil von Behring ua Shibasaburo Kitasato [7]
feldvinsfnwimaassuagdunuinly serum vesdnifidnddutudedelsanofiu (diphtheria)
way vianzdn (tetanus) U flansiidondn “antitoxic  activity” (Aounlgasululdmim
antibody) Fefinuanansalunsitlidninlieedgfiduiunnouinanudunulsaluszey
&Ulg antibody SinthitlumslusuiuasanUasusegidnanlusiene wu wuaiiSe b
RRGRRTIT RN LﬁaéﬂLLUaﬂUaamgﬂ antibody duwdd azgniateaudufiy (neutralize)
viognihluvhaneseseszuugiiuiulusisnmesiely antibody 1udunilswesszuugiduiu
Tusnenefieninseuu adaptive immune response FaLduszuunIsnavauDvDITIINIelag
nsadegidufueginanizinnzasdoidelsaiag fdiungiente Sdasdrulngudanis
novauasUszani axtieliiumeiigfdufuiiannsdudinnialselunsdiisuneldsude
913N (protective immunity) Sufivdsuanainilelsasineg ués Aswdandasudnuinuneiidng
sumeAfinrmansnnsedunisaine antibody 1¢ saFenansianunsonsedulviasdidinnn
antibody 16171 antigen Fadumdeniain antibody generation

antibody H7e8n3eunilslunie®iaiian immunoglobulin (M30138nlaggadn Ig) Ws1g
Usznauselassad1aiiugufie immunoglobulin domain &susznausie B sheets 2 uiu
Wausafuegaie disulfide bridge Hlpsasinienin B barrel nszfidnuuzadeds
antibody Tusnnmeuyudiinaeusznn uwiillassasandnfindredudeddruiiluaiveny heavy

. & . . | Y o | aa A Y a

chain wagaedy lisht chain IumumwmEJmuuouumuwmmwmm/imaqa fninlunng
JuAulmuneangg (antigen) lagranainvatglazlanizlanzas 138nauilin variable region
=y .
138 V region [8]
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Uil o nalnnsvinarusineg veswaudvedlusisnie [7] fldvansyasaudnisdushanegadn
nelsalagnse (direct antimicrobial acitivity) ¥ angsuATIINUveIEaRluTEUUNTANTY
(antibody-dependent cell cytotoxicity) nstfudslafauazansiie (viral and toxin
neutralization) ﬂixéjmz‘uu complement Fnuldinfiu funsyuIunIg opsonization 333117?@
nsteUiuannadnisviauvesssuuiiauiunielusnenieg (immunomodulation) N13NTeEeU
lifindenv1indn oxidants LagYIun1991a18Lwad19N1891nU N8N 159nLaY

(inflammatory response)

LoufAued (antibody) 1uasthluanaiiflnnyszlevisenisduaiuagidenisiu
WYINENTTINTWUYUIAN) 981984 [9, 10] WBNNTUUED antibody §siuslevilunsladu
asnsIRaeUAtiaLuaiuEnge [11-13] 3’Jw71u’dLﬁuawﬁﬁﬂizﬁw%ﬂwwgqiuﬂﬂi%’ﬂwwisﬂ [11, 13-16]
Weilnsnz antibody  @ntsaduiuiimune wieuoufivau (anticen) Tdognesnnnzianzas &
AuauRl U Ut T ATH NS AN st e SesduT nihiindnues antibody
TudsiiFindenisiudruniavesszuugliduiuvessienie [17] Fsarnanudilelunalanig
yhauvessssumdlusuilies Teilvuywdansavssgndldanusidlunisaiadunelulad
A1sWaAR antibody ¥ilaree Feiuseleninslumsfinuise warn1Insaiteds saumannssn
Tsn Tududi antibody anunsananldainnisdaans antigen winlUludaifinseandundsuiinsingg
WU nszeng 91 Ta wne wdaadn 101 antibody  dadidnwasiiulndlaauea (polyclonal
antibody) 8001191050 [10] AeurldinisWaun3Znisndn antibody  Bnufianilade
monoclonal antibody [18] 33157 luildlunisn@n monoclonal antibody T vldlnenns
aueufiau (antigen) Wllumyiielassgiduiuse antigen siatug 1niudddinaianis
a519.wadnau (hybridoma technology) wiewdndu monoclonal antibody wHlaf1997U 19ad
uanfignasstulidiaruannsalunisudn monoclonal antibody thu ansnsafiudnu il



WinasNan monoclonal antibody #ifltendnualluainudmniziatzas (unique  specificity) b
naenlu Nswam monoclonal antibody afianiisqudazadaiudeddinauiu Ussina «-¢
Wouduld uagnisawuas wadafesnisyaainsiifinnudiuigas samvedidienisidestu
dninaaosfiovyBndae uonaInn13uEn monoclonal antibody Tns3snisruRuagiimugeen
wazaldinefigauds suldedriaiiinanmaluladivaisediadu dosdmiesusiaves
antigen flagltinsgdoniu antigen Aliduivsionynaass wagsosliidy antigen And1efy
antigen 09y 19U antigen  daifulusiufieglutusuvasdrfunisifanins (conserved
antigens) n3aldlalaniziu antigen fifladuaiunsalunisnszfuszuugdRudy
(immunogenecity) Ifvi1tiu sauviamafildarnmansefunynaaosdsdanuuy susiugaui
auAmvemylsazil Tedindiddrdnusemnilaffeduuviinves antigen lazldlunis
@519 monoclonal antibody ws1glagUnfin1sWan monoclonal antibody #@ antigen Wsiay
vinsindedlinynaass m-¢ fvuld lugatagiudadugandsnisdunudduTunmyvduay
Aall3mBnuanewiin (post-genomic era) AnuaAlun1sAneITedslludnisfinyinisvinenu
w0381uy n38lUsAu (functional  genomics 38 proteomics) [19-25] Fan5iseimanis
Snduspaietulusfiusiuauuin n13a$1a monoclonal antibody Shuuanniieldlunisine
msviauveslusiunansiansouqiulaeitnsildeglutagiu Sadululild viededld
Aldaneiigeunn

Fedosrindredu Selddmsiamunaiiaimassuseuiveds uiilondnueuivonls
$edu Samandifiaviidosnislaelidedddninaans o1figu 1¥urin151i1 monoclonal
antibody  Mrdsldainuyludsuugdlviliquantfmiiouresuywd (humanization) (26, 27)
wielfanunsaldlunistrtalsasngg (human therapy) U330uil monoclonal antibody fiffe
Udldlunissnulsauzissaneyseinveendmuiends [28, 29] n1sUszandld monoclonal
antibody iiteldlunsshulsaiituTuasiinnud duarldsumuieniivannty foafusaiu
msanagldimaluladdulunisudn monoclonal antibody  filsigsernuagsaniianinisnng
hybridoma fildeelutiagii

wialuladwileifiuszansnmgslunisvinimnssunoufuedifiendn antibody ifiens
TR ezl Aewelulafing eldFudutudaudl oemen [30] Inglutuusn
\Jun1sadrandawes antibody 9ndminildunisnsedusie antigen wd Tnevhmsuanaians
drure9 antibody 7ifwihiilunisdude dau Fab [31, 32] wead1adu antibody WEuiendia
nzanfiiutiilun1ssu 1Funi1dau single chain variable fragments (form), scFv [30] &4
antibody iianilaggnuansuulusiuiiunagquinedages (pil) nutiinrudnianinnsliads
wianiflunnsuan monoclonal antibody sie antigen wangwia [33-40] WATDINNAUTEN1TEALY
voensl#snsinedesinisnszdudninaastdeuiadunindenar wazdaudundeiifiane
antibody fiAnaNn13NTEdue antigen 74 senslsfnumnudSaituduedodiauis



dunalulagnisuansisauuuriniannlgdlunisAandaeniasudn monoclonal antibody %l
AHANNNIOLUNTIVDEEANUDNIBLILIE AT

v A

nsiauAIE AN sUssgndldmalulagnnalunisnds monoclonal antibody
Duilunsnarsuagldsuanuaulafuegregeislunuidetuiiugiu uagn1sszgndlily
goavnssumamealuladdanindiudineg Fusulunat o sown Wetningimansannsaais
A§av99 monoclonal  antibody 9 ndainlilefunisnsedunfiduiunndeulddusa
(nonimmune library %30 naive library) [41] ﬂé’wﬁmﬁmmmﬂizqﬂmﬂlsﬂuawu%ﬂlﬁﬂ%a%’m
ni1ndsiiadrenndninldsunisnsedualiduiuindeunaiowin msizamsaldlunisaing
monoclonal antibody #1® antigen Lﬁaunﬂﬁuﬁmﬁﬁmms \fiesnnadees antibody ﬁa%w%uﬁu
Fusunuarudululifmuaanssuugiduuresdniniussusi lawudn monoclonal
antibody fifmdenuldiuiinanmifedauaunsalunsdu (affinity, Tugas 1-200 nM) uaz
1A1UT N1 (specificity) gy monoclonal antibody #i@$1991n hybridoma [41-
441 agslsfnalpeialuuds anmanansalunsdu uazarwannsalunisdudinisinures

antigen (neutralizing) Sinlifi1 antibody Mlianadswtinyfsnd

wedlamaiugimnssudnegimisifusslonilunisatis antibody Tilganimgsded
ANUTUNIELDLA UazAUa1n13alun153ugs (high  specificity  wag affinity) Aan15un
antibody 7ifaldainadauiamundy monoclonal antibody ﬁﬁﬂmmwasﬁu (maturation) 1oy
Tgndnn1sinAuIiauinis (directed evolution) [45, 46] Arawatlanige) 1wl n1vilAAANIT
nangRuset1sgduaIAtiAN1e PCR ffianuudiuge (error prone PCR) [47, 48] wianshd
wmaluladnisaduduiUasufiduie (ONA  shuffling) [49-53] M5USuUTIAMAINA85
Tnatanizegedelnenisaduduldsumdue wuiniiuseansnmalunisadns antibody 73

) =D

o

mmmmiﬂumﬁuqﬂmﬂﬁﬁuﬂdwLawmawh FreghagunuIansadinuszansainlunsiu
283 antibody U19UsEATIEEY oo Wi LS monoclonal antibody Aiflanuauisalunisdu
GNAN 10" M [54-56] %ﬂg%'ﬁﬂﬁﬁﬁﬂﬂé’ﬂﬁﬂ monoclonal antibody #inAadae3En1siu (Fe
10" M7

uennmsUiulgsnunmlumsiond Ssannsolfimaluladlunsufulganuauds
duqpuingusrasdvesnisldanu wuauannsalunisyiem (function) #1949 WuMInTEAU
nsasdygranieluead (cell signaling) [57-64] w'%amﬂ%’tﬂuﬁaﬂizéjw%ﬁaé’u5’& (agonist
w3e antagonist) TusAuvoieulasismadluwad (65  66] uonanduudrddldlunisdmdon
antibody finuseanIIzuNeEINTY an1IEnsa Ae rsenuseduluifigeslusiu (proteinase)
[67, 68] Wpitanz reducing [48] TavransUuUdlRinmuaniRungaulunsTiduednw
157 (therapeutic use) [26, 69-77] 3ofAnaain (tag) [10, 78-82] WileUszgndlilusuidesu
#199)



nsdsggnaliueufivediuivudsiugnisuiidifn waziiyadmisnisaaingsiigaly
99Uy Feflyadvareniludruuim Aemslddmiunisidadouazinuilsa (therapeutic
antibody) aumﬂﬁ]ﬁguuuLLaumuaw‘LﬁumﬁsﬂmLLa’mm&J oo YA Lazlidnnaly eco vial
idsegn1smaaean1enaila (clinical  trial) Tusineq Insanizlsauzis [83] lnggunuures

a a o 1 v A a Y ) O A a a &
waudveAUSuwdaugnssundeuldludagdu Wunsmidukeuivedfusuuuy (whole
immunoglobulin) wazFudiuuauRuefLuuiigg duandluzun b lnsduleuivedfiiluaney
FudrulouRvofvuinanazUsznaumisdIusuaufvenndlinuaiuisalunisduiv
Wvaneey 917 WUU scFv kU Fab wagwuudupedfiwsoulaandnilunsenagy wazal
A Y a a de <@ dyd a Y1 }% a a a a

uz vizeUataau [84] TefvesiauivuafTuanilfie naaladiemessuunisnanlushululuniige
w38 Ban aunsagnandy waviiluguradidmunelaanit Snnsdsanunsauiusdaiiugnssy
Tnfigauandfiiudunuiaulaladnnainuane a1y Wideuivaisisewas viaeulel villd
< . = . . . . . = v A Y = a = 1)
\Ju bi- #39 tri-specific (multimeric) antibody ¥5olilWeuAUEIMTDA1TLATIF99) LINBN1TTNE
1sa 10udiu [85] BenueufvenjuuuulnaIildn conjugated antibody &t019uausay toxin
WsoaILAlNdgnsdedenisinaureasad (cytotoxic  agents) wisldlunisinwlsnugiis A
wandluluguil e 3deaganiiedesiulasimidelfesienunsldueui vefanaius &
Jueudvefaaineanaiunsadunazyianede rotavirus Tuanseanludn vilildnandndu
wind1nikeufved Ja31nn1sAuadnIdenudt nyivilaataniiueufvefayll a1u1se
Fununsiaidie rotavirus Fwihlmanlsaviassnssuusiazideunduluinle [86] nan153dedl

wansliiuitenaidinsdadlulddesiun1sdulae wazaemelsaviossns dadudgmddy
TulszmAsnaulad

VhH domain V-NAR domain V,, domain
{~15 kDa) (-15 kDa) (~15 kDa) Fab scFv
(-55 kDa) (~28 kDa)

0 —_4 &%

vV, domain
5 (~15 kDa) Bis-scRv Diabody
(pispecific) (bispecific)
g (~55 kDa) (~50 kDa)
Ao Fab, & Triabody
(Dispecific) (trivalent)
{110 kDa) (-75 kDa)

Fab, Minibody Tetrabody -
(trisp e{.:l[lc) (bivalent) (tetravalent) s
Camel Ig IgNAR lgG (~165 kDa) (~75 kDa) {~100 kDa) K

'51J1'7i 5} ﬂ']‘wLLﬁﬂsﬂﬂi\‘lﬁ%ﬂﬂ%ud’muauauaaLL‘U‘UGiN°“| (84] IumWLLamLLauauaaLLUULﬁm‘d
%¥1n 1gG maaammmanmauu (IgG), vesdninsznagguazaluy (Camel Ig) uar vasUanaany
(IsNAR) LLa”aﬂwm”%uﬂ’JU‘UaﬂLL@umU@ﬂiﬂLL“U“UWN‘] 1§uA wuu Fab scFv dudiulamuien
(single-domain VH) 3ULUU#199 Aa VH VhH uag V-NAR suauseuRveRfiusEnouanTae
T,maqa (multimeric antibody) lauA bi-scFv diabodies triabodies Wag tetrabodies
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Antibody

Specific for a tumor-associated
antigen that has restricted
expression on normal cells.?

Linker

Attaches the cytotoxic agent
to the antibody. Newer linker
systems are designed to

be stable in circulation and
release the cytotoxic agent
inside targeted cells."®

Cytotoxic agent
Designed to kill target cells when

internalized and released.'? %

References: 1. Carter P) et al. Cancer /. 2008;14(3):154-169. 2. Senter PD. Curr Opin Chem Biol.
2009;13(3):235-244. 3. Polson AG et al. Cancer Res. 2009;69(6):2358-2364.
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gﬂﬁ o d7uUsENBUAN9Y U89 Antibody-Drug Conjugate (ADC) d1nsusnunlsmauzise laun
o) WaufUaAFassuNzAU  antigen ThABITaatulsANzISs Faldil wieflsrdnluwadund o) 1
asdmiuhaneiad (cytotoxic  agent) LiteshiwaduziSmdaaingnidilunielunazgnun
Udeeoanun ) §adou (linker) 5891379 cytotoxin agent kag antibody nesideulvaia QN
sonuuulinamuilesgluszuulvaieulusinie uszlanydesansiivroiadianzilodily
Tuaduan

TuduseausunIsad1e recombinant antibody lidieusiadiu fluorescent 38 bio-
luminescent ﬁf’ué’aﬁaq’ﬁaamm Tnelunsalvesmsifeuiu fluorescent tu Jeymddwyde nns
afrafulpssadralusiu fluorescent fianunsaidosuaslaiiy fosn1sany reducing aneluy
\9ad LLsiLLauauaﬁéfmgﬂwé’qaaﬂmuaﬂL%aé‘ﬁ’mzimﬁaLﬁuiﬁiaa%ﬁqﬁﬁwmiﬁ [87] aealsh
audielaiinuand Wilsienunisldisnmsimnssuueuiiveishensinseusufivefidiu  CDR3
adlululassadnadusin GRP. Tnenswuaznuiueuiveddennsaduiudihmngld uiisnisi
Aoutsenuazedlianansaldfvueudveinnvin lnsamzlunsdidosld CORL uay COR2
Tunsdusudimane [88] uenaniundadeldiimsimuisidouss bioluminescent Uszian
flavin mononucleotide based fluorescent proteins (FbFPs) Wioldlun1snsalasieyt online
wadalalavuldaludnume  bio-imaging [89] wazdadiiiegranslddndned ag1slsfiniy
Fdeunuy FbFPs diideruile green fluorescent protein WaneUszns endidu nuseAy
Junsaang (pH 4-11) wazgaumgl (B 60°%) luifiesn1s oxygen wazawnsaisaanaslels [90]
sruuiinhaulafiaziunuszgndldliniannsdedululuewan (87)
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3.1 NIWAR KaTN13IATILIAIY recombinant antibody Tuguuuy scFv-GFP

F151ad ¥230g uazIEn15Mna0d

Construction of expression vector for the production of fluorescent antibody conjugates
To construct of pWS-Green vector containing Emerald Green Fluorescent Protein
(EmGFP), the EmGFP gene from pSERT/EmGFP (Invitrogen, USA) was amplified by PCR
technique using two primers (EmGFPNcolEcoRINotIFW: 5'-CTG TGC CCA TGG GAA TTC AAG
CTT GCG GCC GCA GGT GGC GGA GGG ATG GTG AGC AAG GGC GAG GAG-3' and
EGFPFlag6HisXholRv: 5-GCA CAG CTC GAG CTA GTG GTG GTG GTG GTG GTG CTT GTC GTC
ATC GTC TTT GTA GTC CCC CTT GTA CAG CTC GTC CAT GCC-3" in which containing the
Ncol and Xhol restriction sites, respectively. And then the amplified product was
digested with Ncol and Xhol, ligated into the expression vector pET15b which was cut
using the same restriction enzymes. This resulted in the overexpression plasmid pWSs-
Green encodig C-terminal 6xHis and FLAG tagged recombinant EmGFP for further
purification. The DNA sequence of the construct was confirmed by automated DNA

sequencing (Macrogen, Korea).

Cloning and expression of scFv-EmGFP fusion proteins
To clone of IRA7c-scFv, 3E3-scFv and yZA8B2-scFv antibodies into pWS-Green,

the scFv antibody genes were digested with the Ncol and Notl restriction enzymes and

lisated into digested pWS-Green. This resulted in the expression vector scFv-pWS-Green
encodes scFv linked EmGFP protein via (G)4 linker and followed by 6xHis tag that easy to
purify the recombinant protein. The fused protein is under control of T7 promoter and
could be induced for the overexpression using IPTG. The DNA sequence of the
constructs was determined with automated DNA sequencer.

To produce the scFv-EmEGP fusions, the pWS-Green vectors containing scFv
genes were transformed into E. coli strain SHuffle B (E. coli C3029 (B cell)), Shuffle K12 (E.
coli C3026 (K12)) (New England Biolabs, USA) and BL21 (DE3) to evaluate a suitable
expression host. The fusion proteins were expressed according to a previously published
method [91] with some modifications. A single colony of each E. coli harboring
recombinant plasmid was inoculated in 5 ml LB media containing 100 pg/ml of
ampicillin and cultured at 30 °C with shaking 250 rpm for overnight. Four mL of
overnight culture were used to inoculate 400 ml of LB medium containing 100 pg/ml of
ampicillin next day. Cells were cultured at 30 °C to OD600 = 0.6, followed by induction
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by adding 0.4 mM isopropyl-B-D-thiogalactopyranoside (IPTG) at 25°C for 16 h before
harvesting the cells. The level of the Emerald Green Fluorescent Protein (EmMGFP)-
expressing E. coli was determined by a CytoFLEX S flow cytometer (Beckman Coulter,
Germany) with 488 nm excitation and 523 emission wavelengths and and the data were
analysed using the Kaluza 1.2 software program (Beckman Coulter). For a control, the
pET27b harboring scFv gene was also expressed in the same time for comparison of

binding activity.

Purification of scFv-EmGFP fusion proteins

The cell pellets were harvested by centrifugation at 8000 rpm for 10 min, which
were re-suspended in binding buffer (20 mM Tris-HCl, 300 mM NaCl and 20 mM
imidazole, pH 7.9) with 1 mg/ml lysozyme. Cells were disrupted by intermittent
sonication at 25% amplitude for 7 min on ice using 30s pulse and 30s break for cooling
after adding 1 mM phenylmethylsulfonyl fluoride (PMSF). The cell debris was removed
by centrifugation at 15,000 x ¢ for 20 min at 4°C, and the clear supernatant was applied
directly into Ni-NTA column, pre-equilibrated with binding buffer. The column was
washed with biding buffer. Finally, the fusion protein was eluted with elution buffer (20
mM Tris-HCL, 300 mM NaCl and 250 mM imidazole, pH 7.9). Fractions containing scFv-
EmGFP fusion protein were pooled and exchanged by dialysis into PBS buffer,
respectively at 4°C. The samples were collected and kept at 4°C. The soluble fraction
and purity of the samples were assessed by denaturing sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). The purified protein were determined by

Bradford method (1976) using bovine serum albumin as a standard.

Gel electrophoresis and western blot analysis

The purified fusion proteins were analyzed by 12 % SDS-PAGE. Protein bands
were visualized by staining with Coomassie brilliant blue R-250 (BioRad) [92]. The
Precision Plus Protein Standard (10-250 kDa) from Bio-Rad (Bio-Rad Laboratories, USA)
was used as a molecular weight marker. Western blot was analyzed according to the
manufacturer’s protocol (Bio-Rad Laboratories, USA). The proteins were electroblotted
to PVDF membrane at 100 volts for 1.5 h at 4°C. Subsequently, the membrane was
blocked for 1 h with 2% skim milk in 1xPBS (MPBS) at 4°C for overnight. The membrane
was then washed 3 times with 1xPBS by rocking at room temperature for 1 min each
time. After HisProbe-HRP conjugate (1:5000; ThermoFisher Sceintific, USA) incubation for
1 h, the membrane was washed again. Finally, the protein target was visualized using
Amersham ECL Prime Western Blotting Detection Reagent (GE Healcare Life Sciences,
USA).
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Conventional ELISA

The fused IRA7c-scFv-EmGFP antibody was confirmed the binding activity by
ELISA [93] For the bind activity of 3E3-scFv-EmGFP and yZA8B2-scFv-EmGFP were
performed according to a previously published method [94-95]

Fluorescence-linked immunosorbent assay (FLISA)

Binding activity of each fusion antibodies was determined by FLISA that was
modified from ELISA method . A black Nunc-Immuno 96 well plates were coated with 1
pe of AFB1-BSA in 1xPBS (3E3-scFv-EmGFP), 1 Mg of ZEN-BSA in 1xPBS (yZA8B2-scFv-
EmGFP), 0.1 IU of rabies virus vaccine 100 mM NaHCO3, pH 8.5 (IRA7c-scFv-EmgFP). In
this experiment, 1% BSA was used as a negative control. After incubation at 4 °C
overnight, the plates were blocked with 2% MPBS at room temperature for 1 h, followed
by washing 3 times with PBS. Fifty microliters of 4% MPBS and 100 pL of each fusion
antibodies were added to each well and incubated at room temperature for 1 h. The
wells were washed three times with PBS containing 0.05% Tween 20 (PBST) and twice
times with PBS. Finally, 100 pl of PBS were added into the plates. The fluorescence
intensity was measured by a fluorescent microplate reader (ThermoFisher Sceintific,
USA). The excitation and emission wavelengths were 478-484 and 560-509 nm,

respectively.

Competitive FLISA

To confirm the yZA8B2-scFv-EmGFP fusion antibody that can bind to free ZEN by
competitive FLISA, inhibition FLISA was developed to determine the sensitivities and
specificities of the yZA8B2-scFv-EmGFP fusion antibody. Two pg of ZEN-BSA, ZEN-OVA
and ZEN-KLH were coated on a black Nunc-Immuno 96 well plate. The different yZA8B2-

scFv-EmGFP dilutions were pre-incubated with varying concentrations of soluble ZEN.

After incubation at 37 °C with shaking 300 rpm in dark for 30 min, the mixture was
transferred to the coated plate and incubated for 1 h. The unbound antibodies were
washed away 3 times with 0.05% PBST and 2 times with PBS. The wells were added 100
pl of PBS and measured the fluorescent signal with an excitation peak at 487-484 nm

and an emission peak at 506-509 nm.



14

AaN13Nnae

Naugdnd Construction and expression of 152-GFP fusion protein.

The scFv gene of clone 152 was subcloned into pWS-Green vector at Ncol and
Notl restriction site and then these recombinant vector was transformed into various
expression host including E.coli strain BL21(DE3), Engineered Shuffle B cell, and
engineered E. coli K12. The scFv-GFP fusion protein was purified by Histrap affinity

column. The purified scFv-GFP proteins were observed under black light box.

(tet promoter] AmpR promoter

(6854) Xhol AmpR

6xHis
FLAG

BL21 B cell K12

(6069) NotI

Wo

(5315) Ncol pWS-Green_

Yamo1lHL63152 scfv
RBS 7182 bp l

llac operator
T7 promoter

[lacI promoter]

JUN & 1IALAFIUN1THER scFv-GFP wazn13Wan scFv-GFP TunuailiFesneg Lawmes pws-
Green-HL63152 (418) 7MlU transform Lsfhﬁj E.coli strain #7199 (A7) tienamdu scFv-
GFP Taau 152 fsdunuudimziuwaaugsadndonn

Nakdnd Flow cytometry analysis of three E. coli (B cell, K12 and DE3) expressing scFv-
EmGFP, EmGFP alone and pET15b by induction IPTG.

The scFv-GFP clone 3E3 and IR7 were expressed in E.coli strain B cell, K12 and
DE3.The result show that the high intensity of expression level of scFv-emGFP were
shown when expressed in the E.coli strain B cell and DE3 (pink peak). However, the
emGFP alone are shown high intensity expression level in E.coli strain DE3 (Green peak)
Therefore, it can conclude that the E.coli strain B cell is suitable for scFv-GFP expression

as shown in Figure 5.
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gﬂﬁ & NANISAATIZHNISHAR scFv-GFP Tu E.coli strain 199 #18 Flow cytermeter wag
wuATISe £.coli strain B cell K12 uag DE3 (@un9) LiAwwes pET15b fign transform 1hg £.coli
strain B cell K12 uaw DE3 (#1n13w) vAwmes pET15b 71ty emGFP E1Te7) nAwes pET15b
7By scFv-emGFP TAau 3E3 (nmuw) wag IR7 (1m&n9) ﬁgwmgﬂ induction f8 IPTG Way
ATIEARANISTHER scFV-GFP A28 Flow cytometer

NaugA Flow cytometry analysis of 152-GFP fusion protein against HL-60 target cells.

The purified scFv-GFP antibodies that produced by different expression hosts
were tested binding activity by flow cytometry. The result showed that the binding
activity of different hosts did not affect the binding to HL-60 target cells. 3E3 was used
as an isotype control.

B cell BL21 K12 3E3in B cell
B A~ 4 1 ‘5°|—_____|_— 150
‘1: 93.660% &: 98.900% R1:14.310%

Il 100 , 100
£ ] g
S | S

50 50

w0 1w 10 10 100 10 0 10 10 1w 10 10 10 0 10 10 10 10 w0 10
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waLand Fluorescent stainine of 152 scFv antibody to HL-60.

The HL-60 cells were stained with (a) 152 scFv antibody and (b) isotype control
then cells were visualized under confocal microscope. The green signal was from anti-His
dylight 488 (a secondary antibody). The blue signal was from DNA staining by Hoechst
33342. The exposure time and laser intensity were fixed in order to compare the signal

between scFv and isotype control. The scFv antibody can bind to cell surface of HL-60.

DyLight® 488 Hoechst 33342 Merged

SUN o WAN193LAIIEN scFv-GFP Taau 152 Tun1sduiuieas HL60 A8 confocal

microscope
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Naldnd Fluorescent microscope showing the in vitro endocytosis of 152 scFv-EmGEP to
HL-60 cells.
HL-60 cells were incubated for 2 h with 152 scFv-EmGFP fusion protein. Cells

were observed under fluorescent microscope using GFP channel (left) and showed
fluorescent signal (green dots) inside the cells. The bright field channel of the
microscope (right) showed cells shape which comparable to fluorescent microscope. So,
it demonstrated that scFv-GFP can internalize into the cell. This will be useful for drug

delivery applications.

sUN & nan1353LAT1E9 scFv-GFP Taau 152 Tun1s3uiuiead HL60 38 Fluorescent

microscope



18

Nalgny Flow cytometry analysis of 152-GFP to patient derived samples.

Bone marrow mononuclear cells of AML patients and non-AML patients were
stained with 152-GFP antibody and analyzed by flow cytometer. Cells were gated by
FSC-A and SSC-A. The gated cells were subsequence gated based on CD45-APC and SSC-
A. The cell population were further acquired against 152-GFP. Median fluorescent
intensity (MFI) ratio of AML bone marrow samples and non-AML leukemia bone marrow
were plotted mean + SEM. The result demonstrated that the MFI ratio of 152-GFP in
AML patient samples showed higher than Non AML samples. Therefore, it might be

useful for diagnostic purposes.
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nalgny Confocal microscopy of Propionibacterium acnes and Pseudomonas aeruginosa.
Planktonic cells of P. acnes DMST 14916 and P. aeruginosa DMST 37186 were
incubated with yPaclA8-GFP and yPgi3G4 scFv-GFP as indicated in the figure and

counterstained with DAPI. In bright field panel, bacterial cells are seen. In DAPI panel,

nucleoids of bacteria are blue. In GFP panel, P. acnes cells are stained green with
yPac1A8-GFP and P. ageruginosa cells are stained green with yPgi3G4-GFP. Photos were
taken by Plan Apo oil immersion objective of Nikon A1R confocal laser microscope at
100x magnification. Scale bars represent 10 um. The result demonstrated that the scFv

antibody can bind to their own target in cultured bacteria.

P. acnes P, aeruginosa

P. aeruginosa

P. acnes

Bright field

yPacl A8-GFP yPgi3G4-GFP yPacl A8-GFP yPgi3G4-GFP

JUN oo WANTTAATIZY yPaclAB-GFP  Tun1sdunul¥auuaiitse P.  aeruginosa #iag
Confocal microscopy
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3.2 N1INAA WATN1TIATIENAE recombinant antibody Tuguuwuu scFv-6xHis

9nuan3de Tutumouil o §3emudiudl recombinant antibody Tugy scFv-GFP ag
annsaldlun1sniavih bioimaging idusg1ed uasitlguilumsufuRdletnludessiondes
fluorescent confocal microscopy Ao Adyayudderausaunn Weswnuas laser Inndesdl
aranduga ise3aldWauinisin bioimaing WUy o Fuunu Task1u  exHistidine Liosand
Aiuddusie 6xHis agudvaezukuy Han1sIdenulanad awnsanunldnsiagwadle
Tnglunsideillaldivad wuailiSenarsvidnduiedauansussansamn fsreandennis
FflunsiTesai

a15iad 27’7'557’)’,5'9)5; iaz3a5n15nnaa9 (Materials and Methods)

Bacterial strains

Biopanning targets; Propionibacterium acnes DMST 14916 and Pseudomonas
aeruginosa DMST 37186, were kindly provided by Dr. Griangsak Eumkeb, School of
Sciences, Suranaree University of Technology, Thailand. Species identity of both strains
were confirmed by 16S rRNA gene sequencing at Macrogen, Inc., South Korea.
Propionibacterium acnes strains DSM 1897, DSM 16379, DSM 30738, DSM 30753 and DSM
30919 were kindly provided by Professor Dietmar Haltrich, Department of Food Science
and Technology, University of Natural Resources and Life Sciences, Vienna.
Propionibacterium  freudenreichii TISTR 446, Pseudomonas fluorescens TISTR 358,
Pseudomonas putida TISTR 1522, and Pseudomonas aeruginosa strains TISTR 357, TISTR
781 and TISTR 1287 were purchased from Thailand Institute of Scientific and
Technological Research. Propionibacterium acidipropionici TISTR 442 and Pseudomonas
aeruginosa TISTR 1101 were kindly provided by TISTR for academic research purpose.
TG1 strain Escherichia coli and HB2151 strain E. coli were obtained from Medical
Research Council (MRC) Laboratory, Cambridge, UK. SHuffle T7 B strain E. coli
(NEB#C3029J, U.S.A) was purchased from New England Biolabs, U.S.A. The source of

materials used were described elsewhere.

Affinity selection (biopanning) against P. acnes and P. aeruginosa

Biopanning antigen preparation

P. aeruginosa colonies were grown on LB broth and incubated overnight at 250
rom, 37°C; while, P. acnes colonies, were cultured in BHI broth and incubated for 5 days
at 37°C anaerobically in a GasPak system. Bacterial cells were washed with PBS two

times and resuspended in PBS at the OD600 of 2.0. Cell suspensions were boiled for 1 h
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in a water bath and protein concentration was determined by Bradford standard

microtiter plate assay (BioRad#500-0006, California, U.S.A).

Biopanning procedure

Biopanning was carried out according to previously published protocol [87].
Maxisorp immunotube (Nalgene Nunc International, Denmark) was coated overnight at
4°C with 25 mg of boiled bacterial antigen in 100mM NaHCO; (pH8.5). The tube was
blocked with 2% (w/v) skimmed milk protein in phosphate buffer saline (PBSM) before
incubation with 1012 plaque forming units (pfu) of phage from Yamo | human phage
display scFv library [88] in 2% PBSM. The tube was washed 5 times with 0.05% (v/v)
Tween-20 in PBS (PBST), followed by 5 times with PBS. Then, the bound phages were
eluted with 1 ug/ul of trypsin in PBS followed by 100 mM glycine-HCl (pH 2.0), and
neutralization with 200 mM NaPO, (pH7.5). For the second and third round, eluted
phages were pooled together, amplified, and purified by PEG precipitation as previously
described [94].

Ampilification of individual phage clone

Discrete colonies of E. coli TG1, infected with eluted phages from biopanning
were randomly picked and cultured in U-shaped 96-well microplates (Nunclon delta
surface, Thermo Fisher Scientific#163320, U.S.A), containing 100 pL/well of 2xYT medium
with 100 mg/mL ampicillin and 1.0% (w/v) glucose (2xYT-AmpGlu). The cultures were
super-infected with helper phage KM13 to amplify the isolated phage as previously
explained [95]. After incubation at 30°C with shaking at 250 rpm for 20 h, the phage
containing supernatant, obtained after centrifugation of a deep-well plate, was used for

monoclonal phage ELISA as described in the ELISA section.

DNA and amino acid sequence analysis of selected phage clones

Phagemids from selected ELISA-positive phage clones were prepared and sent for
automated DNA sequence analysis as previously described [90]. Contig alignment of the
sequences was performed using Vector NTI software (Thermo Fisher Scientific, U.S.A) and
the aligned sequences were further analyzed with IgBLAST tool from National Center for
Biotechnology Information [96] and IMGT/V-QUEST tool from international

ImMunoGeneTics information system [97]. Three-dimensional structures of selected scFv
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were generated by using SWISS-MODEL server from Swiss Institute of Bioinformatics [98]

and PyMOL molecular visualization system from Schrédinger, LLC, U.S.A [99].

Small-scale production of soluble scFv from E. coli HB2151

Soluble scFv clones were produced from non-suppressor strain E. coli HB2151,
which read the amber codon between scFv and genelll protein gene sequences in
phagemid vector as a stop codon instead of glutamic acid in TG1 strain, as previously
described [100]. The culture supernatant containing soluble scFv fragments was used for

scFv ELISA against biopanning bacterial antigen as described in the ELISA section.

Production of hexa-histidine-tagged scFv (6xHis-tagged scFv)

Cloning and expression of scFv genes

The scFv genes against P. acnes and P. aeruginosa were cloned into pET-21d (+)
expression vector and designated as pET21d+/yPaclA8 and pET21d+/yPgi3G4,
respectively, as previously described [95]. The scFv genes were expressed in the
cytoplasm of protease deficient E. coli, SHuffle T7 B strain (NEB#C3029J, U.S.A), according
to previous publications [91, 102] with some optimization. Briefly, a colony streaked
from -80°C stock of SHuffle E coli C3029 harboring pET21d+/yPaclA8 or
pET21d+/yPgi3G4 was inoculated into 5mL of Terrific Broth (TB: Tryptone 12¢/L, yeast
extract 24¢/L, glycerol 4mlL/L, 0.17M KH,PO,, and 0.72M K,;HPO,) containing 100 mg/mL
ampicillin and incubated overnight at 30°C with 225 rpm shaking. On the next day, a
starter culture was transferred into 500 mL of fresh TB containing 100 mg/mL ampicillin
and cultured at 30°C in a bench-top bioreactor system or in a baffled flask with 225 rpm
shaking until OD600 reached about 1.0. Protein expression was induced with 0.85 mM
IPTG for 24 h at 25°C. The culture was cooled down on ice for 5 min and centrifuged at
3000g for 30 min at 4°C. The cell pellet was used directly for scFv purification or

otherwise stored at -40°C.

Purification of hexa-histidine-taseed scFv

The 6xHis-tagged scFv was purified by immobilized metal affinity chromatography
(IMAQ), using a gravity flow column containing Ni-NTA (Ni2+ nitrilotriacetic acid) agarose
affinity chromatography matrix, following the company’s manual (Qiagen#30230,

Germany). The resin was washed with washing buffer (50 mM Tris-HCL, 0.5 M NaCl, 100
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mM imidazole, pH7.5) and scFv was eluted with elution buffer (50 mM Tris-HCL, 0.5 M
NaCl, 500 mM imidazole, pH7.5). Desalting and buffer exchange was performed by
dialysis overnight in SnakeSkin Dialysis Tubing with 10KDa MWCO (Thermo Fisher
Scientific#68100, U.S.A) against cold PBS buffer at 4°C. Purity of eluted scFv was checked
by sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) and the
purified soluble scFv concentration was determined by Bradford standard microtiter
plate assay (BioRad#500-0006, California, U.S.A). The samples were kept at -80°C in 250
meg/mL BSA or at -40°C in 20% glycerol.

Western blot (WB) Analysis
WB of isolated scFv
Equal amount (1mg) of purified scFv (yPaclA8 and yPgi3G4) were heat-treated at

90°C for 10 min in SDS sample buffer containing B—mercaptoethanol. Then, samples
were electrophoresed in 12.5% SDS-PAGE gel for 5 min at 50V followed by 90 min at
100V and transferred to polyvinylidene difluoride (PVDF) membrane (Cytiva#10600021,
USA) by wet-blotting using Mini Trans-Blot electrophoretic transfer cell (Biorad#1703930,
U.S.A) at 30V for 15 h at 4°C. To detect the scFv, the membrane was incubated with 10
mL of anti-histidine antibody-gold nanoparticle conjugate (Jena Bioscience# PS-110,
Germany) for 3 h at room temperature with slight rocking. The scFv bands became

visible to naked-eyes due to antibody mediated gold nanoparticle accumulation.

WB of bacterial tarcets using identified 6xHis-tagged scFv

About 30 mg of biopanning antigen preparation (P. acnes and P. aeruginosa) were
used as samples. The SDS-PAGE and wet-blotting procedures were the same as above.
After blocking with 3%BSA-TBST, the membrane was incubated in 2 mg/mL of 6xHis-
tagged scFv (yPaclA8 and yPgi3G4) in TBST for 15 h at 4°C, followed by washing 3 times
with TBST, 5 min each. It was then incubated with 1:5000 diluted HisProbe-HRP (a nickel
(Ni2+)-activated derivative of horseradish peroxidase (Thermo Fisher Scientific#15165,
USA) in blocking buffer for 1 h at room temperature with slight rocking, followed by
washing 3 times with TBST. Finally, the protein band was detected by
chemiluminescence, using Amersham ECL Prime Western blotting detection reagent (GE
Healthcare#RPN2232, UK). Image analysis was performed by CCD camera-based imaging,
using ChemiDoc XRS Gel Documentation System (Bio-Rad, USA).
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Enzyme linked immunosorbent assay (ELISA)

Monoclonal phage ELISA
For phage ELISA, 5 mg of biopanning bacterial antigen in 100mM NaHCO; (pH8.5)

was used as target and 1% (w/v) bovine serum albumin (BSA) in PBS as negative control.
The phage ELISA was performed as previously described [102]. Phage clones which
showed OD value of at least two times higher than those of negative control were

selected for confirmation.

scFv ELISA against biopanning bacterial antigen
For scFv ELISA, 2 mg of biopanning bacterial antigen in 100mM NaHCOj; (pH8.5)

was used as target and 1% (w/v) bovine serum albumin (BSA) in PBS as negative control.
Supernatant containing soluble scFv fragments (150 mL/well) was used as primary
detection agent. HisProbe-HRP (Thermo Fisher Scientific#15165, USA) diluted at 1:5000 in
PBS was used as secondary detection agent. The ELISA procedure was the same as

monoclonal phage ELISA.

scFv ELISA against whole cell bacteria

For Propionibacterium species, colonies streaked from -80°C stock on BHI agar
were inoculated into BHI broth and incubated for 5 days at 37°C anaerobically, in case of
P. acnes and at 30°C in case of P. acidipropionici and P. freudenreichii. For Pseudomonas
species, colonies streaked from -80°C stock on LB agar were inoculated into LB broth
and incubated overnight at 250 rpm at 37°C in case of P. aeruginosa and at 30°C in case
of P. fluorescens and P. putida. Broth cultures were washed with PBS for two times and
cells were resuspended in PBS. OD600 of cell suspensions were adjusted to 2.0. Heat-
inactivation was done in water bath for 30 min at 60°C. Heat-inactivated bacteria were
used for whole cell ELISA.

To check specificity of 6xHis-tagged scFv, heat-inactivated bacteria (109 cells/mL)
was used as target. Purified hexa-histidine-tagged scFv (10 mg/mL) was used as primary

detection agent and HisProbe-HRP as secondary detection agent. ELISA procedure was

the same as above except that immobilization step was performed overnight at 37°C.



25

Checkerboard Titration

To optimize the scFv ELISA and to determine the limit of detection of

recombinant scFv, ELISA plate was coated with serial dilutions of heat-inactivated
bacterial suspension from row A to F, where row A had the highest (1O9 cells/mL)
bacterial concentration while row F had the lowest (104 cells/mL). ELISA procedure was
carried out as described above except that the wells were incubated with six different
dilutions of scFv in duplicate format from column 1 to 12, where column 1 and 2 had
the highest scFv concentration (yPaclA8 scFv 10 mg/mL or yPgi3G4 scFv 40 mg/mL)
while column 11 and 12 had the lowest (yPac1A8 scFv 0.1 mg/mL or yPgi3G4 scFv 1.0
mg/mL).

Flow Cytometry

A bacterial colony was suspended in 900 uL PBS and 300 pL of it was diluted
with PBS to 1mL and was centrifuged at 2000¢ for 5 min. The cells were resuspended in
ImL of 19%BSA-0.1%PBST, blocked for 30 min at room temperature, and washed for two
times with PBS. The cells were incubated with specific 6xHis-tagged scFv (200 mg/mL) for
1 h at room temperature. P. acnes cells were exposed to yPaclA8 scFv and P.
aeruginosa cells to yPgi3G4 scFv. After two times PBS washing, the cells were stained
with  1:500 dilution of Dylight 488-labelled anti-hexa-histidine mouse monoclonal
antibody (Abcam#ab117512, UK) in PBS for 1 h in a dark place at room temperature. The
cells were washed with PBS for two times and resuspended in 500 pL PBS containing 2
uL of 1.0 mg/mL Pl (Propidium lodide) solution (Thermo Fisher Scientific#A28993, USA).
Sample reading was performed using Invitrogen Attune NxT Acoustic Focusing 3-Laser

System Cytometer (Thermo Fisher Scientifict#t P3566, USA).

Confocal laser scanning microscopy (CLSM)
CLSM of planktonic bacteria
About 1mL of broth culture was centrifuged (3000 g, 5 min), washed with PBS for

two times and resuspended in PBS. About 5 mL of that was spread into a smear on a
glass slide and dried completely at 37°C. The smear was fixed with 49%PFA
(paraformaldehyde) in PBS (pH 7.4) for 30 min, blocked with 1%BSA-300 mM glycine-
0.1% PBST for 30 min, treated with 2 mg of 6xHis-tagged scFv for 1 h, incubated with
1:500 dilution of Dylight 488-labelled anti-hexa-histidine mouse monoclonal antibody
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(Abcam#ab117512, UK) in PBS for 1 h, and counterstained with 300 mM DAPI (4',6-
diamidino-2-phenylindole) for 5 min. The smear was washed three times with PBS
between above steps. The stained smear was covered with slow fade gold mountant

(Invitrogen#536936, U.S.A) and examined with confocal microscope (Nikon A1R, Japan).

CLSM of bacterial biofilms

Bacterial biofilm was grown by placing autoclaved glass coverslips at air-liquid

interface of broth cultures [103]. The incubation time for P. acnes and P. aeruginosa
biofilms were 5 days anaerobically in GasPak system and overnight aerobically,
respectively. Before staining, biofilm was washed with PBS for three times and dried
completely at 37°C. The staining procedure was the same as above except that 20 g of

6xHis-tagged scFv was used. One set of biofilms was used for crystal violet staining.

Transmission electron microscopy (TEM)

The procedure was carried out in a microcentrifuge tube. Bacteria in broth
culture were centrifuged at 3000g for 5 min, washed with 0.85% NaCl, resuspended in
PBS, fixed with 4%PFA (pH 7.4) in PBS for 30 min at room temperature. After washing
with PBS two times, the bacteria were blocked with 1%BSA-300mM glycine in 0.1% PBST
for 30 min at room temperature, followed by two times PBS washing. Then, 50 pg of
6xHis-tagged scFv in PBS was added and incubated for 60 min at room temperature.
After washing 2 times with PBS, 1:20 dilution of 10 nm Ni-NTA nanogold
(Nanoprobes#2084, U.S.A) in 0.05%TBST containing 1%BSA was added and incubated for
30 min at room temperature followed by TBST-BSA washing for two times. Then, the
samples were resuspended in PBS, dehydrated by sraded ethanol dehydration method
and polymerized in LR White medium grade resin and accelerator (EMS#14380, U.S.A) in
BEEM embedding capsule (EMS#69911-01, U.S.A) by cold curing method. Finally, ultra-
thin sections were examined with transmission electron microscope (Hitachi Hi-Tech

HT7700, Japan).

WNaN1INNaDY

NaLang Cross-reactivity analysis of 6xHis-tageed scFv by whole-cell ELISA and WB
Binding activity of yPaclA8 and yPgi3G4 scFv were determined by whole-cell

ELISA on plate coated with indicated bacteria (A): Propionibacterium acidipropionici
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TISTR 442, P. acnes DMST 14916, P. freudenreichii TISTR 446, P. acnes strains DSM 1897,
DSM 16379, DSM 30738, DSM 30753, DSM 30919, Pseudomonas putida TISTR 1522, P.
aeruginosa DMST 37186, P. fluorescens TISTR 358, P. aeruginosa strains TISTR 357, TISTR
781, TISTR 1101, TISTR 1287, and wells without immobilized bacteria. The bars represent
the average OD values of triplicate samples and error bars represent the standard error
of the mean. Picture of ELISA plate is shown in the inset. (B) SDS-PAGE and WB of boiled
antigen preparation of P. acnes strains immunoblotted with yPacl1A8 scFv: DMST 14916,
DSM 1897, 16379, 30738, 30919: Coomassie Brilliant Blue-stained SDS-PAGE gel. P. acnes
antigen located between 20 and 25kDa (arrow pointed) was detected by yPac1A8 scFv.
(C) SDS-PAGE  and WB of boiled antigen preparation of P. aeruginosa strains
immunoblotted with yPgi3G4 scFv as indicated. DMST 37186, TISTR 357, 781, 1101, 1287:
P. aeruginosa antigen located between 37 and 50kDa (arrow pointed) was detected by
yPgi3G4 scFv. Precision Plus All Blue Prestained Protein Standards (BioRad#1610373,

U.S.A) was used as a molecular weight marker.
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waland Checkerboard titration and flow cytometry analysis.
Limit of detections of yPac1A8 for P. acnes DMST 14916 (A) and yPgi3G4 for P.

aeruginosa DMST 37186 (C) scFv were determined by checkerboard titration of whole-
cell ELISA, using dilution series of scFv and serial dilutions of bacteria as indicated. The
lines represent the average absorbance values of duplicate samples and error bars
represent the standard error of the mean. Flow cytometry analysis of yPac1A8 (B) and
yPgi3G4 scFv (D) to alive P. acnes DMST 14916 and P. geruginosa DMST 37186,
respectively. Reactivity of 6xHis-tagged scFv is indicated by red line. Secondary antibody
alone is indicated by black line. For yPac1A8, the highest scFv concentration tested (10
mg/mL) could detect 1.6x105 cells/mL and the lowest scFv concentration tested
(0.1mg/mL) could detect 1.6x1019 cells/mL. For yPgi3G4, the limit of detection was at
1.6x107 cells/mL. These results indicated that the binding affinity of scFv clone yPac1A8
to its P. acnes target was higher than those of the clone yPgi3G4 against its target

bacteria.
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Naudny CLSM of Propionibacterium species.
P. acnes DMST 14916 (A), P. acidipropionici TISTR 442 (B), and P. freudenreichii

TISTR 446 (C) were incubated with yPac1A8 scFv, detected by Dylight 488-labelled anti-
hexa-histidine mouse monoclonal antibody, and counterstained with DAPI. Photos were
taken by Plan Apo oil immersion objective of Nikon A1R confocal laser microscope at
100x magnification. Scale bar represents 10um. In bright field panel, individual bacterial
cells were seen. In DAPI panel, nucleoids of bacteria were stained blue. In Dylight 488
panel, only P. acnes DMST 14916 were stained green. The result demonstrated that the
yPac1A8 scFv antibody can bind to P. acnes DMST 14916 and did not cross-reactivity

with other P. acnes strains.

Dylight 488

Bright field

A
B
C
sUf om wANITIATIZRYBS scFv  Taau yPaclA8  lunisduduideuuaiiie

Propionibacterium species #28 Confocal microscopy
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Naudnd CLSM of Pseudomonas species.
Photos of P. aeruginosa DMST 37186 (A), P. putida TISTR 1522 (B), and P.

fluorescens TISTR 358 (C) were taken at same specifications as Fig 13 but incubated with
yPgi3G4 scFv. Scale bar represents 10 Wm. In bright field panel, bacterial cells are seen.
In DAPI panel, nucleoids of bacteria are blue. In Dylight 488 panel, only P. aeruginosa is
green. The result demonstrated that the scFv antibody can bind to P. aeruginosa DMST

37186 and did not cross-reactivity with other P. aeruginosa strains.

Bright field DAPI Dylight 488
A DN,

UM o HANITAATIENVDY scFv Taau yPei3G4 Tun1sdunuidauuniitse Pseudomonas
species #28 Confocal microscopy
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Naudnd CLSM of P. acnes and P. aeruginosa biofilms.
Biofilms of P. acnes DMST 14916 (upper panel) and P. aeruginosa DMST 37186

(lower panel) were detected by yPaclA8 and yPgi3G4 scFv, respectively. Scale bar
represents 10 um. In Dylight 488 panel, P. acnes bacilli are zoomed up in insets. The
result demonstrated that the scFv antibody can bind to their own target (P. acnes DMST

14916 and P. aeruginosa DMST 37186) in biofilms.

Bright field ‘ DAPI Dylight 488 Merged

JUN o& NAN1TILATILNVRY scFv AR yPaclA8 uag yPeidGa Tunisdufiuidauuaiie P.

acnes Was P. aeruginosa #28 Confocal microscopy
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Naudnd TEM of P. acnes and P. aeruginosa.
Four P. acnes DMST 14916 cells (A) and six P. aeruginosa DMST 37186 cells (B)

were treated with yPaclA8 and yPgi3G4 scFv, respectively. Photos were taken by Hitachi
Hi-Tech HT7700 transmission electron microscope at x25.0k magnification with Zoom-1
lens mode at accelerating voltage 80.0kV. Scale bar represents 1.0 pum. Big round
structures are bacterial cells (thick arrows) and small dense black dots are 10 nm Ni-NTA

nanogold particles (thin arrows). This result show that the scFv antibody can bind to the

bacterial surface.

JUN ob HANTTATIZINISAURUIWBUUATITY P. acnes wae P. aeruginosa ¥4 scFv lnauy
yPac1A8 uag yPgi3G4 ang TEM
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nalgnd Confocal microscopy images of immunofluorescence staining for Bradyrhizobium

strains

SUTN9-2 and DOA9 prepared from pure culture and plant nodules. The bacterial
samples were stained with two different scFv antibodies, i.e., E10 and 6/2. Green spot
indicated the green fluorescent staining of scFv antibody, using secondary antibody
conjugated to anti-His Dylight 488. Plant cell walls were stained with a blue fluorophore
(Calcofluor white M2R) and emitted blue color. The bacteroid are shown as green spots
inside a blue plant cavity. Scale bar is 10 um at 60X magnification, and 100 pm at 10X
magnification for pure culture and nodule samples, respectively. This method can use to

distinguish this Bradyrhizobium strain to another strains in the plant nodules.

DOA9 SUTN9-2

Pure culture Nodule Pure culture Nodule

JUN ool HANTTIATILINTIVAUWBUUATISY Bradyrhizobium SUTN9-2 uag DOA9Y a9
scFv Taau E10 waz 6/2 #2e Confocal microscopy
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nalgnd Confocal laser scanning micrographs of rice root and leaf sheath inoculated with
SUTN9-2.

Cross-section of the tap root and leaf sheath above the stem base were

examined. Scale bar is 50 pm at 60X magnification, and 100 um at 10X magnification.
The result show that the scFv can apply to detect the endophytic Bradyrhizobium

bacteria inside the rice plant.

Inoculated rice plant tissue (SUTN9-2) Non-inoculated rice plant tissue

10 X 60 X 10 X 60 X

N - - -

JUN o HANTITUATIEVINTTTUAULBLUATISY Bradyrhizobium SUTN9-2 #aglusin uag
dautldonanfueeddnn (leaf sheath) 999 scFv laau E10 @28 Confocal laser scanning

Rice
Leaf
Sheath

micrographs
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NALAAINITIATIZI Nodule occupancy.
Nodule phenotype after co-inoculation with SUTN9-2 (wild type) and PRC008

(wild type) for immunofluorescence staining, and with SUTN9-2 (Gus-tagged strain) and
PRCO08 (wild type) for Gus staining. Green spots indicated the green fluorescent staining
of scFv E10 antibody, using secondary antibody conjugated to anti-His Dylight 488. Blue
color indicated Gus staining of SUTN9-2 (SUTN9-2 Gus reporter gene-tagged strain) using
the substrate: X-Gluc. Scale bar is 100 pm and 500 um at 10X magnification for
immunofluorescence staining and Gus-staining, respectively. The result show that this
scFv can use to investigate the specific Bradyrhizobium without using GMO based

method (Gus staining).

SUTN9-2 PRCO008 Dual

Immunofluorescence
staining

Gus-staining

JUN ox NAN1TAATITNNTTIVAUWBLUATISEY Bradyrhizobium SUTN9-2 #aglu Nodule
984 scFv Iaau E10 @28 immunofluorescence staining



uNi 4
unagy

dyUuaziansalnanisivy

Han1533asuladngidearunse Wauwazdszendldmatianiademnssuioufiven
(antibody engineering) Tun1snanueauRuafdnsu vinliamn1937ineusing (bio-imaging) e
d139 lnglsvimsiugimnssufieairanamefdviundnueuived Irduvesuouuefuuuas
Fen (scrv) dousafulusiudequasdiden (schv-GFP) annifu tilundnlunuadise 3 Tala o win
e BL21, K1 wag SHuffle B cell WuI1 @unsandnlon LLa3mmsm‘iﬂﬁu’%ajw'§1é‘£mmﬂﬁéﬁ%ms
Tasulansfuuududng (Immobilized metal affinity chromatography, IMAC) iUl
N 1mM9T3neUsng vuwaduzsiSudaione1d uaslwadawuniiise udansiadeusandes
qavs3mi 1389uas (Confocal Fluorescent Microscope) wuinldlaf Tnelueadus§eduannsald
glétaneuiiduiudunenead wasdlawdoudlulumad (endocytosis) Gansld scrv-GFP dau
wadfissdiTineg vhlvanunsognisadouiivesmsriumadiiu fodudeldiuFouiiddy udegls
Aanuiitlyvfedans (fade) 1§30 mindesnsarenmlidiulasiaiaeadiitaa Seldaesusu
FBnsneaeu lnemsldueudvediieauasiuiu nsnewiily Bafiu o froruiidnogiuiie
(6xHis, hexahistidine tag) uwnu wualanadun Inen1sld recombinant antibody ﬁgﬂaaﬂgﬂLLUU
iensiases anansnagUinandusuil wo TagusnanannsaliguadiendosqanssmiGes
wasial feanunsaldgeiendesganssaudiannseu waznsvdeulusiuluwadniedznig
westernblot sauvisanssnldnsnaeunistuiuinead fMedsnisnmauuatunatain (ELISA)
wavpsasiauuuliiadinaniu (Flow cytometry) é’aﬁ?uﬁmﬂié’ﬁw MuATeiUsTaUAIEE IR
fnguszasdiincliiluoehed Snvieds anansnhluldseseslunsfinwnmmediiner vensadvos

'
a

aaa A a vl 1 v o | | a I % a a & v
FNUYINDUE) @ﬂiﬂ@ﬂaﬂqﬂﬂ'ﬂq\isﬂﬁq\i gNANIBDYI LYU ﬂqimﬁmqmﬂqifﬂqﬂﬁﬁaasﬂ@ﬁLLE]‘L!WUEJ@I Wunu



37
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