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UNANEDANTWIDINE

This research project entitled "Development of recombinant antibody for the
detection of mycotoxins" was originally planed for a period of 3-year. Unfortunately, the
project was only supported for the first year; therefore, only the first part of the project is
reported. Nevertheless, interesting results have been achieved. These results can be divided
into 3 main parts. The first part is the continuation of the outputs from the research projects
granted by ARDA, of which two recombinant antibodies against two mycotoxins, namely
aflatoxin and zearalenone have been successfully created using phage display technology.
These antibodies are in the form of scFv and scFv-AP. In this research project, the binding
property of various formats of anti-mycotoxin antibodies, i.e., scFv, scFv-AP, scFv-GFP, scFv-
Fc, and IgG, which is the natural form have been compared. The antibody in scFv, scFv-AP
and scFv-GFP were investigated using ELISA-based method; while scFv-Fc and IgG were tested
using lateral flow or strip test, of which the antibodies must be conjugated with appropriate
tag. The results indicated that the scFv-AP performed the best in ELISA-based assay and can
be produced from E. coli expression system at a relatively low level. For lateral flow or strip-
test, the best performance format of antibody is IgG, which could be produced from animal
expression system at a relatively high level. The second part of the project involved IgG, the
form of antibody that is found in nature and currently use in all commercial test kits. In the
previous work, the IgG was constructed using a platform of our international collaborators,
which has limitation for further distributions and commercialization. Therefore, the second
part of this project is focused on the development of our laboratory's platform for the
conversion of scFv to IgG, which will be used for further studies as well as incorporation into
test kits for commercial uses in Thailand. In summary of our results in the second part of the
projects suggested that an effective platform for the production of IsG for mycotoxin
detection has been successfully established. The third part of our project deals with various
basic research experiments that can be used as the basis for the development of novel
techniques for rapid point-of-detection of mycotoxin in the field. These include epitope
mapping to identify mimotope of two model antibodies, namely anti-aflatoxin and anti-
zearalenone. The mimotopes of both antibodies were successfully obtained using the
laboratory's phage display random peptide library, named SUT12. These mimotopes could
be further developed to replace conjugated mycotoxins in a rapid test kit, which can reduce

the cost and increase safety. Next, we have initiated a collaborative research project with a



young staff from Ubon Ratchathani University, on the conjugation of recombinant antibody
with silver nanocomposite. This project is ongoing. So far, we successfully conjugated our
recombinant antibody with the nanomaterial, but various conditions must be optimized
before it can be used in a rapid test kit. Finally, we have also tried to implement chain
shuffling technique to further increase binding affinity of our antibody by joining the heavy
chain of mouse antibody with the light chain of human antibody. However, we found that
even though we could successfully join them, but the antibody couldn't bind to the target
anymore. Therefore, new strategy based on guided selection technique, of which a library of
human light chain must be tested, should be attempted, providing acquisition of adequate

funding.
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asvdeusiomiegy dunmsllululaueawoufvenlumesivaeuiuidedde llulausaoud

veffiassguniuaiusarundalalaglidnden Ingludnidudes@ansedudn Gandalaenis

= Y Y a

Wousiewad 2 wadan B lymphocytes 91niuwaany@egninnssAusieuoufuaulasisaduzise

Y 9

[

Afnlinanwadnataun (myeloma cell) vinlildnguwadgnuaniisaninlauslaun (hybridoma)

INUUILTARLENAAN TIN5 19U TUl AR LR AL UAUBANA AR d@11150as eaztfNT1WIULe

q

'
aaa

Tnglaifiduan willdtoideda lunanensd hybridoma laiafies sililuannsondaueufveddia
oonuldiliiseme uarisn1suan monoclonal waufiuaiigsenuayiialdaeas Snitdliannsnd
apuBuveseuRven vlndiluvinnns engineer malaen

agnslsfiny Salmeluladlung AAnainniswaunld bacteriophage Sonin weluladiva
(phage display technology) [14] adumaluladfigandulssunsialuuamunailud 2561 1y

walulagndvhenisanseduniauladiiuiugnssuves filamentous phage yilvilinn1suandaan

b4

lnsnisaselusAunseulnddusenu capsid protein ¥s0guuiiave phage Feanunsaldilu

L5095 UF1UYBINT5YI FAnssulusiu Tunsaifdaanis asraddlneg Wsiu vse lulunsausa

o«

wauRveAvaunsaduiuliana Nauladnernuadl 887199W12191239 LABN1SAANIAIN phage

9

(%
aa o

display libraries [15] wnadailfidnenngslunisihanldinendnlulunoauoataufivensiataumiay



Isegnamanvans WuAsAlEMaNNs nsfndenliluneausateuAuefiunzaunuiifiomisain
nsduvedlusiuuy phage fushiuvseueuiuiiauls Tnemnulaawursamaluladine awnse
yuiufiadslusiuidamanld Snisdliusunsanzasgs aunsavlinnd ndaueuived
1#lais1in annsiensad Tnedsnsldgeenn wnglivinmandsluwuafide viowaddaifidud
{3y datuisnanisaliimaluladwaasdiundunum warennanunsounuiinsuin
wouRveinuuduAulddely [16-18] Tasenaanusaldmaiaiemnssuueufvefuld Usuuss
LeuRvaAUSUuAsTusnsIuenouALalusULLLAe Welitanduganraasuansiivainion

MuUsunandnniinisinunsfiiuszansnings saumsimundu biosensors ledneae [19]

2.1 U1 wualiu wazlan1anan1snain
Iuﬁaqﬁuﬁu?ﬁ’wﬁmﬁmsqmm'maaumﬁﬂuLﬁauﬁuaqmiﬁwmﬂLﬁﬁaiwiuﬁwqﬂiwmagum
woauns anilvgfuuidnluglsy wavansgowsing gansaaeumaiildindleauea uioluly
Tnausauaufvefiiumnsiadeu yansvaeuiivisndguiedy finefigufunitnning vie
yaraiill agdouldld uenantuganssaoudutunsnnadeuiianeinisuuteuasiifu
dgymlunguiszinaglsy wazanigowing dalimnziazhunldlunagravnssneasly

Usewalng uazuauiadony Tueanidedld Feldfigansiaaeulanldueuivenusuusdaiugnssuain

(%
a v A 1 %4

wialulaginananglunain daulasinideitefadunie pusenienmsimumaluladnisude
wouAveAUT UL TugNIsUNTANUTUNIEIIZAARAsH BN a1 Ul oulunandinnig
msneasifudgmiludsemea waglukaunivieds meomaluladnivsyaniaim uazusendania

=~ v [ A g 6 1 o |
eawlugansisaeuiilulsslevideninanainnnisy inuning wazyananilusaly

2.2 uuamnenisnaumalulagaunuulun1swan recombinant antibody i@ mycotoxin
nsmuUSuLssseuiverliiaallunisnseseuastudouanidesiintu o1avi
IHlneldmaluladiasiufuimnssusenived tnstweufvefnifanusinigseesamendud
It usnlufesfoRnisvesideneuntid uwihnmsuiulsdaomadaiugiamnssy 143
auansalunissuneasiveramenduldsings windrdu telasldinaia Affinity
maturation [20-23] Fsenavildsnemaianiieg Aineviidusauudaluiesujs@inisend sie
directed mutagenesis Wa¢ saturation mutagenesis [24], DNA shuffling itei¢ error-prone PCR
[25], samamadia chain-shuffling [27] Wudu Tnganunsovhmsiaunysudsusduuuueuiued
Ju JUnuUs9e 1y Feudetueulvidanilatiennuaa (Alkaline phosphatase) e Wamnduy
YANTIIABUULAIUNGN ELISA waz siamduneufvefifiuguuuy (Fulllength antibody) Lile

Wawnduyansavaeuluy Lateral flow



Ui 3

A5n1501UUNTISIVY AT NANISIVY

3.1 M3AnwANUEITaluMiuYaLauRuafluFULUURAY Wioldnsaadasziansie
Juideuanidasn

Tassmsideiifunsesennalassnsideildsunuain an Fefideusvauanuduialy
nslémaluladina Tunsadaueufvefuuusisiugnssusoansfivainides o wiafe aflatoxin
[1,27] ua zearalenone [2] Insuoufuafiogluguiuuas schv uay schv-AP Losnuaufived
I¥anadanady awwsntly engineer dardugtuuuiig q 16 TuduselugideTsaulafnu
ArwansavesLoufveilusUuuusingg Tumsldasalnsgiasinuudeunniden Tngash
nsUSeuWisuleuRUaslugy scFv, scFv-AP, scFV-GFP, scFV-Fc kagjuhuusssuynfae IgG Loy
LoUAUBATA 0y TUTUNUY scFy, scFV-AP, uaw scFv-GFP 11y a¢1dlun1snsaaasy ELISA du
LOURUBRWUY scFv-Fc waz 19G tu avldlun1sasiauuy lateral flow 13 strip test Tafasiinng
conjugate antibody fudhlrdanas Aunze namsAnwluaauil agluseninanisunlunuly

NIANINMIPINTNRINUNTUTERUIAUH TV (MU 1852BunluNIANLIN A)



3.2 psiwau platform nsideuy wauRAuaftuzU schv W IgG
\esannueudvediltlunisnsaiinszinianisilutagdu iduseudvedlusduuy
593U RAE 196G Tamun wiwouAveiiildanadaa du Wuisedudnweuivemduiorvia
scFv @sfludnunn anseanvluiaded 3.1 luidenanms@nwiamnuannsalunisvihauves
wouAverlusUuuuineg Weldnmainnedasiviutouanides 16 schv, scFv-AP, scFv-
GFP, scFv-Fc Wag 1gG WU kauRuafkuy scFv-AP dinaaudfatunislilunisnsiaaaunie ELISA
plate a13nsanAnoenuIINTEUUNNTNARTY £ coli 16 uidtegluuTuuineutiaton diu
wouRvadluzuuuy Ig6 tuannsniilutszgndldlunisasaapuuuunauiinsed lateral flow
%30 strip test laf wazaunsondneanuilalulsunuAeud1ags Mnssvunsuantueaddnd u

o w

sATeTiRuI 33814 platform veasuAdelussUszima Jaidedrdalunisldau lnsiany
mndesnisihesngiBendyd feululassnmsifel fideTstonisilazain platform dmfunis
WasuueuveRlusuuuy schv I 196 Tuluwsufointsios itethluldlunsfinu wogndn
yansraaevdmiuldluusemaluszezenisoly luniawaun platform 913 uduainnisadig
expression vector @MFUNAALIURUDA Mnthmsdaretureauived ndminiwsziaing
Qﬂéfawaa expression vector A29738n15 automate DNA sequencing wa? 39U vector 111y
wanseanly wad HEK293 udavihnisndneonun deutnldviliuians anduthldasaaey
AnuansatunsduRuimneseisnng ELISA edudulszansam Aouluuszneuduya
n3Iadeunely

Tulasenisil Idldueufivedine aflatoxin Loz zearalenone i uduuuulunisnaaoy

platform dnan1sviiananangy

3.2.1 158519 expression vector

Funeuusnlunisiaun platform NSHARLBUAUDALUIY IsG ABNTTATIY expression
vector %ﬂﬂﬁ%’ﬂiﬁ clone Eu waufiveidluds vector fildimurtua wazilu platform vaias
UFUR #1878n13 clone UL Gibson Assembly dUszauradnsa Ingldduduninugniosineds
automated DNA sequencing laing 989 expression vector @5UNAR LouRvedse aflatoxin Lag

zearalenone éﬁ’ﬂgﬂéﬁuﬁw



AmpR promoter| CMV enhancer

CMV promoter
EcoRI (742)

AmpR e
A\MpF 5 \\/\\,‘ 2
~ AV (943)
/ / VL sAF-3¢3)
f{/

~. BsiWI (1097)

- [Bsiwp

BsiWI (1135)
| Agel (1474)

PKRgLK101.sAFH3e3 || ECoRV (495
6728 bp ‘\3:‘\

SV40 poly(A) signal

Nz A
‘\QR,{KQHK oo

SV40 promoter
AvrIl (3164)

L
~ HSV TK poly(A) signal )
ZS SV40 poly(A) signal
<

\
(4766) Nrul NN

Nrul (23)
|CMV enhancer

\ / Ndel (299)
AmpR| |
\ /K‘ = ,;\

AmpR promoter

CMV promoter
~Xbal (723)

- (VH sAF-3¢3)
Nhel (1174)

©(cHt

[Hinge region

—— ECORV (1950)

‘
/// " Agel (2182)
&/ EcoRV (2203)

pPKRgH101.sAFH3e3

7436 bp

\()\'?}E\ - P
R (B HSV TK poly(A) signal
Gl

|
SV40 promoter|

Uit « NN expression vector #MM5UNARA H-chain waz L-chain wiaUsznauilu IgG vas

LAURUDAMD Aflatoxin

CMV enhancer Ndel (293)
CMV promoter

Xbal (723}
EcoRI (742)

spll
._ /ﬁ% . zson2

Nhel (1186)
/ b cHl

QL Hinge region

AmpR promoter

AmpR (| p—

pKRgH101.yiZENABb2
7448 bp

Agel (2194)
&

5V40 poly(A) signal 3

S, -
%y,
Vi

SVA0 promoter

AmpR promaoter CMV enhancer
CMV promoter

g p— Xbal (723)

AmpR 5> EcoRT (742)
' ' / scFy_yZABEZ
/ Lo light chaih
Agel (14568)
5 pKRgLI101.yiZENABb2 L
6722 bp g
3

\ f HSV TK paly(A) signal

v &
/”. ISV40 poly(A) signal [ L)
Ve ot HSV TK paly(A) signal % 4

5V40 promoter

U7 b 710 expression vector #113UNEA H-chain wag L-chain iausznauilu IgG vas

a =
LaURUDAMND Zearalenone

3.2.2 11511 expression vector (9 1Yaga

TudusialuAons transfection vector Ailaasuluauy 3.2.1 1Wdwad F3019e5uele

muwsunnlugUmUENS



Transfection

Fr—

N

Use 25 ug DNA/ 25 mL of Expi293 cell use HC: LC = 1:2 , : _

HC=8.3 ug | OT— 3‘:“"

Expifactamine :] “—m—\ j
S Lo A

s @  =w

Er

(ARRARARARERE
i
I
i
}

Expifectamine 80 pL LC=16.7 pg | rmmem |

OptiMem 1.4 mL DNA 25 pg % 4
OptiMemuptol.5mL _ o, #

Incubate for 5 min

"~ -
4

Incubate for 15 min

— ' o Add 150 uL of Enhancer 1
Add ~ 3mL of m'X'”g# Add 1.5 mL Enhancer 2
e reagent to 25 ml cell to each well
- i Incubate for 20 hour Incubate for 7 days

h B 01293 cell: 310° cells/mL

UM @ nNUAAITUABUNTS transfection H-chain Wag L-chain vector Wingiuad

3.2.3 N15aAR ua::n75ﬁ7tlauﬁua¢7ﬁ'h§maan&nZﬁ‘lﬁ'u?gwg
n¥aniuazshnmaeufvedieadanunsondneeninld uduhluvinlvuianidaeisns
Fast Protein Liquid Chromatography (FPLC) mﬂﬁ?uﬁwmﬁlmwﬁ@ antibody ManeuLazndanIs
yilviu3ans 1835113 SDS-PAGE. namsfnwimudngide anunsananteuduedliluyiuiadii
walafie 200-500 me/L fananslunndiuans 351438015 denaturing gel electrophoresis ¥i1l#
Suneufuafaiu heavy uaz light chain wenesnainfudu b wau Tunsdleau sAFH-3e3 Fadu
antibody #ia aflatoxin 5u wunil wau light chain Foufu o 1§u m@d’nﬁmmmaumﬁ']ma o

LUV F992ADIATIEN 18azldmiiamAIn o UNLnasIse kU



N
—— System Flow
~——Runlog

kDa vl m;m\u
— o= =8 N /
15@ == 1900 \
— 1800 ' /r’
- ==y 1700 /
== aPs— -
— 1500 ’,/’
-— ) == 1400 //
1300 /
— - 1200 b
2 - “- 1100 ’///
- 1000 —\‘ /
200 ‘ /
800 \ ‘
ey 700
Protein concentration o | \
500
l| 400 4 ‘
300
12.52 (dilute 1:200) - J
. o\ L w
E1(E15+E16+E17)  12:89 (dilute 1:400) 16.368 R =m0 20 S0 - S e—

60 65 70 75 80 85 %0 9% 100 105

13.46 (dilute 1:800) ™

E2 (E18) 0.35 0.4778 Culture 25 mL Yield = 518.4 mg/L '

JUN & NMMUARINITHER Larn137UTanG weuAuafkuU IgG e alflatoxin FaiuuaULBUAUSR
heavy Wa light chain NiUszanas 50 wag 25 kDa ma1dU Inganunsandnuoufvedtiroudnegs
AnUszan 500 me/L

YiZEA-A8b2 ="

kDa M S FT W E14 FE15 E16 E17 y &8
I' = 1900 (\
15 P = 1800 ‘
— [/
1600 | /
Sh pu— ’ ——— — 1500 ‘ ,”
1400 ,”
1300 /f’/
" 1200 /
: Bl - ,,
- 1000 f
y |
700
V N - ‘ l
Protein concentration 50 :\‘ ; / ¥ !
_ BCA (mg/mL) Nanodrop (mg/mL \ poci §%\ ; " \ g H ;
0 : £ 3 3 2
53 s s 3
6.99 (dilute 1:200) =l Eg i/ \ [ T
1Y AN %
. of i~ Jele' e e e el .
E1 (E15+E16) 7.24 (dilute 1:400) 10.993 w0 m @ m % w wm ws

7.85 (dilute 1:800)

E2 (E14+E17) . 1.966

JUT & nWUEAINITHER wazMINUIENS wouRuafuuv IgG fa zearalenone Faiiiuway
WaURAUaR heavy wag light chain #Uszanee 50 uaz 25 kDa MUAIAU LagaINISaNER
uauAuaRlaUszaas 220 mg/L



3.2.4 n1snadavadruaInIsalunisaunuid e vasuauavannlananduul
PHINNANLDURUDA LALED TusalURansIdauIdsduiuvangleusoly wsizdinnsg
wWaesulaseadnean schv 1 1gG Fauanansluanipuuinnenis Felunsilvesis b weufvednle

USulasaasnalundil nundadulen wWenaaaumiedsnis direct ELISA A4NaNLAAIAIUAN

IgG against AFB1

ELISA activity of sAFH-3e3 IgG

4.5

3.5
1%BSA

2.5
2 B AFB1-BSA

OD 405 nm

15

0.5

sup pure

U1 » aMmuansdueuAvendeasasaunsalunsiuiuidmvanefe aflatoxin WalUdeu
Taseasn9a1n schv Wy 156 udn Tnenauaufivedlutnibsawadneu wasnaswinliusans 19

a =~ 4
NaftdauUnNuy

IgG against ZEN

ELISA activity of yiZEN-y8b2 IgG

i
[N)

-

1%BSA

>
3

H ZEN-OVA

OD 405 nm
o o

EN )
—

<
N

sup pure

Ul @ pmuansiueuAveddinsmuasalunisusudmanede aflatoxin Wewdesulassairean SCFV Tl 16G ud Taviis

L]

weuAvelulRsusadnew uagnawinliusans Tikedwilouriy



3.3 massunawwmaiiaiigg WeatueuiveflUldhidugansiageauasa
a4 3eussainvedlasanmsaunlananulivaifenisiaun platform n1sudn
weuAveRlugUuuusne ethluldusenesugansiadeu eddelasiaurinamidusineg ey

nuglunsiaumalialag lunisldleuRuennsiainsies 019

3.3.1 1759 epitope mapping (W71 mimotope Y84 UauAvadse Aflatoxin Uag

Zearalenone

Ya o

13981019 phage display technology T1n 151 biopanning L 9 AN epitope VB

WOUAUDAMD mycotoxin e b lagle random 12-amino acid phage display peptide library Tu

ANSAAMT NANITIATIELARIAININATUAT

Bio-panning Phage peptide against sAFH-3e3 |

After 3rd round of Bio-panning

round SAFH-3¢3 (ug) SAFH-3e3 (anti-AFB1)
e 18 © 7z sAFH-3e3-4,7,9,11,16 no peptide sequence
101 11 sAFH-3e3-10 sequence is not good
2nd 8 SAFH-3e3-12 MRVGTSLVEANA
- . 102 0 sAFH-3e3-14 VMLTQGVVEGES
103 0

Phage peptde against mAb 3e3 (anti-AFB1) @30 min 22-12-20

Phage peptide aginst mAb 3e3 (anti-AFB1) @ 30 min 23-12-20

0D @405 nm

JUT @ MWUEAINANSIIN epitope mapping WauRAUBAD aflatoxin e conserve motif 1Uu
TxxVE



Bio- ine Ph : : )
io-panning Phage peptide against yZEN-a8 After 3rd round of Bio-panning

oqves s amizen) |
round YZEN-a8 (ug) 0 TMTC
o 10 101 ~500
2" & 102 48
3rd 2 103 3

Phage peptide against mAb yZA8b2 @ 30 min 22-12-20

yzenA8-1 WPALKEGETVFN
yzenA8-2 IPCGDCSLISLE
yzenA8-3 AWGPWLEKGQVS
yzenA8-5 MPIKPGENVLED
yzenA8-6 AWSSLPSKPHTQ
yzenA8-7 no peptide sequence
yzenA8-8 MKQIDTWMVNES

4.5

35 4

25 1 005 ug BSA
24 m0.5ug A8

1.5 1

0D 405 nm

0.5 4

O NOMENONONONOR

Clone Number

g‘ﬂﬁ & NMWLEAAINANIINN epitope mapping LaURUdAMD zearalenone 16 conserve motif

vf]u AWxxxL

141l peptide warllonathlunwiindy udrinwdeiieldlunsinluyansiaaauiuy

wistunaLnunIslY conjugate mycotoxin Fwilgenn sunse wagsAaslasely

3.3.3 nsiffeu antibody Ausa idyaas ilen1sUsznousuyansaseusuysanis
uiAteludndl Wty feemansiansd as. Pu 9113533 madviadasgusanudy
deinuuinnssumanil aniIngnds auasasti g, Wesedla 0. 113UV 2. quas1venil 34190
Hunsfinenisid eudouauRuefiu AgPOs/Ac nanocomposite s?iaLﬁufaqL%aUﬁzﬂaUL3u%a
neeamnvaulu i uiaRneanuunslieouleivosoondinanuuiaiu Fe¥ands
Usenouiulaneroamaswauilutagimihfioondladduansn shlidvesuansndeuuas
Luneldanniznialaglidesandalalasiaueseanleddrslunsifini)isemed uagldndos
fe3URdfasaAuTUsUSNUsERaNanIW Fedis1aignuazsanislunsiinseiideUunaleg
ansoldunundssgruadvulilasmanuuudaiuifisnnigs Tnssanisvaaeuid ssunudi
@13130 conjugate antibody AU AgsPO,/Ag nanocomposite laud /NS conjugate LAAIAININ

ANUAN



- The Ag;PO, /Ag was sonicated for 30 min and leave on bench to cool it down

before used “
- Vortex before use o

Tag
500 uL Ab (0.05 mg/mL in PB buffer)

Non-Tag

500 uL PB buffer
+

N
1000 uL (700 ppm Ag;PO, /Ag in DI) 1000 uL (700 ppm AgsPO, /Ag in DI)

pe o Y

|

Vortex mixture solutions for overnight

}

Centrifuge at 12,000 rpm for 10 min

|

Take supernatant to measure with Fluorescence Spectroscopy

5UN o0 MulansluneUNNT conjugate LBUAUBAAY Ag3PO4/Ag nanocomposite

FadloIAs1z9ineds fluoresence scanning spectrometry WUi1vnd15a Ae peak L@uUsE
NuanriuouRuefidiauiu nanoparticle 81N peak antibody 1Wa1¢) aeelsAnudietiun

VARV paper-based ELISA wuindilidayayulailed dosinnisusudsasiold

PO,
1200 AgsPO,/Ag

1100

1000 it (]

|

900 —PB buffer
Z 800
2 —— Blank of nontag
£ 700
> ——0.05 mg/ml-3e3
2 600
§ Tag-3e3
2 500
2
S —0.05 mg/ml-yAS
o

400

300 - Tag-yA8

200

100 i
[

200 300 400 500 600 700 800
Wavelength (nm)

JUN 00 AMMNLAAINANITILATIZVINISIT0UMBYRILBURUBATNU nanoparticle 77873 fluoresence

scanning spectrometry

3.3.3 A1SWAIUIAIUUTIIUNI5IUA 875175 chain shuffling tia guided selection
fawiueufivedne aflatoxin azldnsiaansivnvuleulundniuginunsuagems tan
seaunils winsuivkeuRveaiwselianvy nuirdaliusavi §ITedensiainnuuse

Tingsguludn meuwinng guided selection Inglaiin sequence antibody & heavy chain 984



WgamlAan database 1¥ouiu light chain YasuauRveflAauiiog TuROUNITVIUAAIAIN N

AUAN
TUT o NMIFAATIZVTULBUAVDAAIU heavy chain YemuNIduiy aflatoxin L
Sequence name / optimized for
sAFB1C11/ Homo sapiens
ORF Protected sites Protected areas Motifs to avoid

22-372 [CAA..TCT]

@ v @ L @ E S 6 6 G L V K P G G
1. GCGGCCCAGCCGGCCATGGCCCAAGTTCAACTTCAAGAGT CTGGCGGCGGACT GGTTAAGCCTGGCGGA i3
§ L K L 8§ ¢ 8§ A S G F T F S N Y G M S W L R @
7. TCTCTGAAGCTGAGCTGTAGCGCCAGCGGCTTCACCTTCAGCAACTACGGCATGAGCT GGCT GAGACAG
T A E K R L E WV A slI@ls ¢ ¢ @ Y &8 Y ¥ P 0 8§
139, ACCGCCGAGAAGAGACTGGAATGGGTCGCETCTATCAGCGGCGGAGGCTACAGCTACTACCGCCGATTCT
V K @ R F T | 8 R DENGNAMK N N L Y L 0 M 8§ 8 L
208. GTGAAGGGCAGATTCACCATCAGCCGGGACAACGCCAAGAACAACCTGTACCTGCAGATGAGCAGCCTG
K § E D T A L Y F €C A 5 H D Y A W S5 F G V W @
277. AAGTCCGAGGATACAGCCCTGTACTTCTGCGCCAGCCACGATTACGCCTGGTCCTTTGGAGT TT GGGGE
U WS A S T
346. CAGGGCACAACCGTGACCGTTTCTTCTGGTGGTGGTGGTAGCGGCGGCGGCGGCTCT GGTGGT

Ao W

JUN oo nMmansaduiiindlelvduaznsneziluresdunauiuefidiu heavy chain veswmyniuiu

aflatoxin

U o MIANTILIUEY VH Y0euaufvenvy uag VL vedueufivesiuyed Lazn1sideudu VH 1as

weuRuaAnY uaz VL veweufuedeu il schv

Amplified 1C11VH and 3C1VL

scFv 1C11VH/3c1VL

100bp VH VL A

1 =100 bp Marker

2 =1 uL Assembly DN
3 =4 uL Assembly DNA pfx
4 =5 uL Assembly DNA

5=1uL Assembly DN
6=4uL Assembly DNA L pfy)
7 =5 uL Assembly DNA

400bp

19

JUN om AMMmuanINsiiduulsuRveanyLariyyd BulouRvandiu VH Yaemy uay VL
vosywd (d1e) waz N1slendu VH vesuoufvedny uay VL veseuivedau Iy scFv dae

DNA polymerase fisinafiu (177)



U

S o A = a = a = v o Y o v a £
YUN en NITLYDUEU VH VLD UAUDANY e VL UD9LdUSUDAAU IMLU‘U sckFv LLa']V]'ﬂﬁU'i?jV]ﬁ nY
35013 gel purification

Gel purify scFv 1C11VH/3C1VL

1% Gel

150 uL

100bp scFv

100bp scFv

DNA concentration of scFv = 116.5 ng/uL

20

UM o AMMUAAINISIALTINIUEY scFv Lazn19viusans me35n1s gel purification

Tui @ Nslaauduuaufued scFv 191 plasmid pMOD1 lasn15AnEu scFv az pMOD1.1 @2

& . 1 o ¥ A A‘y > %
towlaal Sfil uaz Notl wazr1wn1IviliuIgnddaonisanaainaznilisian auaaslunin
duss aniuriing laaudn scFv 191 pMOD1 dasiawlasd DNA ligase

Digestion scFv with Notl-HF/Sfil Gel purify scFv 1C11VH/3C1VL after digestion
with Notl-HF/Sfil
[NotiHF  w |

100bp scFv

12 3 4 5

Incubate at 37 °C for 6 hr
&00bp.
1 | il
Incubate at 50 °C for 4.30 hr
2

=2 ul scFv Notl-HF
= 1 ul scFv Notl-HF/Sfil
=100 bp Marker




Ligate scFv to pMOD1.1

pMOD1.1
4540 bp

Incubate at 16 °C for O/N y / AN
' (2882) Xhol / I

/
AmpR promoter

21 colonies on All plate ,
2

UM o& AMMLAAITURDUNITIAGY scFv 1978 pMOD1.1

1 I3 [ a a v a a 14 v i 1
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ABSTRACT

The application of recombinant antibodies for the analysis of foods and food contaminants is now a major
focus given their capacity to be engineered to tailor their specificity, enhance their stability and modify
their structural formats to fit the desired analytical platform. In this study, human scFv antibody fragments
generated against aflatoxin B1 (AFB1), were selected as the model antibody to explore the effect of
antibody formats on their binding activity and to evaluate their potential use as immuno-reagents for food
contaminant analysis. Four human scFv antibody fragments against aflatoxin B1 (AFB1), previously isolated
and engineered by chain shuffling, were converted into various formats i.e., scFv-AP fusions, scFv-Fc, and
whole IgG molecules. For all of the scFv clones, the scFv-AP fusion format showed the highest sensitivity
by competitive ELISA, while the effects on the binding activity after conversion to scFv-Fc or IgG format
varied, depending on the amino- acid sequence of the antibodies. The sAFH-3e3 antibodies that showed
the best performance by competitive ELISA were selected for further investigation. The sAFH-3e3 was
converted to the scFv-GFP format and tested by fluorescence-linked immunosorbent assay (FLISA) which
showed that its binding property was equivalent to those of scFv-Fc and leG formats. The potential
applications of the sAFH-3e3 in a rapid test kit format based on ELISA (scFv-AP) and in a lateral flow
immunochromatography assay (LFIA) (IgG) were demonstrated. A comparison of methods for extraction of
AFB1 from matrices for use with these assay formats indicated that PBS and TBST are better than 70%

methanol .
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INTRODUCTION

Polyclonal and monoclonal antibodies are the most widely used reagents for food immuno-analysis.
However, their production is laborious, time-consuming, costly, requires animal immunization and sacrifice
!. Recombinant antibody has been proven to be highly advantageous overing these limitations. Moreover,
recombinant antibodies can be genetically engineered into different formats thus enhancing their utility
for different purposes, including effective clinical applications % Recently there is much more focus on
generating recombinant antibodies given their flexibility and the need to be able to engineer antibodies
to perform much more effectively in newly developing assay platforms such as sensors.

Recent trends in antibody engineering are focusing on small antibody fragments, which can be easily
expressed in E. coli or other expression systems. These formats include the single-chain variable-fragment
(scFv), antigen-binding fragment (Fab) and the single-domain antibody (sdAb). However, such antibody
fragments may need to be further engineered to suit different diagnostic purposes and, consequently,
may or may not lose binding affinity when some of the non-specificity-associated portions of the antibody
are modified **. These issues are explored in this study, where a recombinant antibody against aflatoxin
was used as a model to investigate the effect of antibody format on binding activity and to evaluate use

as an immuno-reagent for food contaminant analysis.

MATERIALS AND METHODS

Materials and chemicals. All reagents were molecular grade or analytical grade. Ani-aflatoxin scFv
antibody yAFB1-c3 (parental clone) and three mutant clones (sAFH-3e11, sAFH-3f11 and sAFH-3e3) were
produced in our LaboratoryS'é. Standard aflatoxin B1 (AFB1), B2, G1, G2, M1 and AFB1-BSA conjugate for
ELISA and lateral flow assays were obtained from Aokin, Germany and Romer Labs, Austria, respectively.
TMB substrate (3, 3/, 5, 5-tetramethylbenzidine), PNPP substrate (p-Nitrophenyl Phosphate) were obtained
from Sigma (St. Louis, MO). Escherichia coli TG1 was obtained from the MRC, Cambridge, UK, and used for
the production scFv-AP. E. coli SHuffle® T7 Express was obtained from New England Biolabs (NEB,
Massachusetts, USA). A HiTrap protein A HP and HisTrap HP affinity column were purchased from GE
Healthcare (Chicago, USA). Peroxidase AffiniPure F(ab')z fragment (goat anti-human IgG (H+L)) was
purchased from Jackson ImmunoResearch Inc. (PA, USA). The HEK293-6E and pTT28 vector were originally
developed at the NRC-BRI in Montreal, Canada. The 25 kDa PEl was purchased from Polysciences
(Polysciences Europe GmbH, Germany). Serum-free Freestyle17 (F17) expression medium was obtained
from Life Technologies Inc. (Burlington, Ontario, CA). L-glutamine and Pluronic®F-68 were purchased from

Sigma-Aldrich® (Oakville, Ontario, CA). Colloidal gold was purchased from BBI solutions (Crumlin, UK).
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Estapor Microspheres (Green latex microspheres) size 70 nm (K007) and 169 nm (K3-020) was obtained
from Merk Millipore (Darmstadt, Germany).

Conversion of anti aflatoxin scFv to scFv-Fc and IgG. The pTT28 (NRC-BRI, Canada) was used as a
framework for the generation of monocistronic IgG and scFv-Fc expression vectors. The vector consisted
of a bacterial origin of replication (ori); ampicillin resistance gene (AmpR) for plasmid amplification and
selection in E. coli, a CMV promoter, which is suitable for expression in HEK 293-6E cells and had the
synthetic and codon optimized human signal peptide for protein secretion .

A schematic diagram for the construction of expression vectors used in this study is shown in Fig. 1. To
construct heavy chain expression vector, pKR-CH (Fig. S1-A), the constant heavy chain regions of human
lgG1 from pRom108-3D6H chain (gift from Kunert’s lab, BOKU, Austria) was amplified with primers
containing Nhel site at 5° end (CH-NhelFw) and Agel site at 3’ end (CH-AgelRv) of constant heavy chain
gene and cloned into pTT28 that was cut with respective restriction enzymes (NEB, USA). Cloning of four
anti-aflatoxin VH clones (sAFH-3e11, sAFH-3f11 and sAFH-3e3 and yAFB1-c3) ° were performed in a similar
manner via the Nhel/Nhel site of the pTT28 vector.

For light chain expression vector, the kappa (k) light chain was amplified from MIS104 vector (pTT5-3D6 L
chain, a gift from Florain’s lab, BOKU, Austria) with primer introducing BsiWl site at the 5’ end and Agel/ site
at the 3’ end of the constant light chain gene. The anti-aflatoxin VL (yAFB1-c3) was amplified with primer
introducing Nhel site at the 5’ end and BsiWM site at the 3’ end of VL gene. The kappa (K) light chain and
VL genes were cloned into pTT28 between Nhel/Agel sites, resulting in the lambda light chain expression
vector pKR-CL_yAFB1.c3 (Fig. S1-B).

For the conversion of scFv to scFv-Fc, the Fc region was amplified from pRom108 by PCR with a primer
introducing BspEl site at the 5’ end (Fc-BspEIFw) and Agel site at 3’ end (CH-AgelRv);, while, the 4 anti-
aflatoxin scFv genes were amplified with primer introducing Nhel site at the 5” end and BspEl site at the
3’ end of scFv gene. Then, the scFv and Fc regions were subcloned into pTT28 via Nhel and Agel sites.
This scFv-Fc vector was designated as KR-scFv-Fc- (YAFB1-c3, sAFH-3e11, sAFH-3f11 and sAFH-3e3) vectors
(Fig. 51-C).

All of the PCR reactions were comprised of 0.2 UM each of primers, 0.2 mM dNTP, 0.25 pL (1.25 U) of One

Taq® polymerase (NEB, USA), 0.5 UL of vector template and made up to 50 pl with distilled water. Primers
for vector construction are listed in Table 1. After digestion of the insert and vector with corresponding
restriction enzymes, the vector and insert were joined using T4 DNA ligase (400U/uL, NEB, USA) at 25°C
for 1 h before transformation into E. coli TOP 10 (Thermo Fisher Scientific, USA). The individual colonies
were picked and cultured overnight for plasmid preparation using Nucleospin plasmid (Macherey-Nagel,
Germany), according to the manufacturer’s protocol. The integrity of the plasmids were confirmed by DNA
sequencing. Large-scale plasmid preparation for antibody expression was performed by using Nucleobond

extra Midi (Macherey-Nagel Germany) from 100-mL culture volume of E. coli TOP 10.
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Table 1 Primers for the construction scFv-Fc and 1gG expression vectors used in this study.

Primer Sequence

Fc-BspEIFw 5’AGT CIC CGG AGA GCC CAA GAG CTG CGA C3’
CH-NhelFw 5’ATG CGC TAG CAC CAA GGG CCC CAG CGT GTT CC3’
CH-AgelRv 5'GCC ACC GGT TCA CTT GCC GGG GGA CAG GCT3’

C3 VLNhelFw 5’AGT GCC GCT AGC GAC ACC GTG ATG ACC CAG TCT3’
LC conAgelRv 5’AGT GCC ACC GGT CTA ACA CTC TCC CCT GTT3’

C3 VHNhelFw 5'GCC_GCT AGC CAG GTG CAG CTG GTG CAG TC3’

3E3 VHNhelFw 5’AGT GCC GCT AGC GGG GTG CAG CTG GTG GAG TC3’
VL BspEIRv 5'GCA CAG ICC GGA ACG TTT GAT CTC CAC CTT GGT3’
C3 VHNhelRv 5TTG GTG.CTA GCT GAG GAG ACG GTG ACC AGG G3’
C3 VLNhelFw 5’AGT GCC GCT AGC GAC ACC GTG ATG ACC CAG TCT3’

Sequences corresponding to Nhel, BspEl, BsiWl and Agel restriction sites are underlined

Construction of the scFv-AP fusion. The three anti-aflatoxin scFv gene from the phagemid vector’ were
sub-cloned into the pKP300 Alll vector ® between the Ncol and Notl sites. The integrity of the construct

was confirmed by automated DNA sequencing.

Expression and purification of scFv and scFv-AP. The expression and purification of scFv were done as
previously described®. The scFv-APs were expressed according to a previously published protocol . For
purification, after 18-20 h, the cultures were centrifuged at 7,455 g for 10 minutes at 4°C. The pellet was
resuspended in 8 ml of ice-cold periplasmic buffer (1xPBS, 1 M NaCl and 1 mM EDTA) and left on ice for
20 min. The resuspended solution was centrifuged at 3,000 ¢ for 10 min at 4°C. The supernatants
,comprised of the periplasmic fractions containing scFv fragments, were collected, then MgCl, was added
to a final concentration of 1 mM. The periplasmic fraction was purified with AKTA purifier using immobilized
metal affinity chromatography (IMAC) according to the manufacturer’s instructions (GE Healthcare, USA).
Before purification, cell debris was removed from cell lysate by filtration (0.45 pwm; Corning, Newyork,
USA). A one-ml His-Trap column (GE Healthcare, USA) was equilibrated with 10 mL wash buffer (20 mM
Tris-HCL, 500 mM NaCl, 20 mM imidazole, pH 7.9) before the sample was loaded. The scFv was eluted by
performing a linear gradient from 0-100% using high concentration of imidazole (20 mM Tris-HCL, 500 mM
NaCl, 500 mM imidazole, pH 7.9). The gradient length was 2 CVs. Then the antibody fraction was dialyzed
with 2 L of TBS buffer containing 1 mM MgCl, using 10 kDa snakeskin dialysis tubing (Thermo Scientific,

USA) to remove imidazole.
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Expression and purification of 1gG and scFv-Fc. IgG and scFv-Fc expression vectors were expressed in
HEK293-6E cell (NRC-BRI, Canada). Before transfection, the cells was passaged and cultured in F17 media
(Invitrogen, USA) supplemented with 4 mM L-Glutamine, 0.1% (v/v) Pluronic F68, and 25 g mL G418, at
37 °C, under 5% CO2 in hydrated atmosphere with shaking at 130 rpm until the cell density reached 1.7-
2.0 x 10° cells/ml. Then, the cells were transfected with 1 Ug mL" of plasmid DNA by slowly adding a 3
mL complex solution of plasmid DNA and PEI (polyethylenimine) (Polysciences, USA) at a ratio of 1:2 ratio.
For IgG expression, the 25 mL HEK-293-6E cells were transfected with 12.5 pg mL™ of each heavy chain
and light chain plasmid DNA. The cells were fed with 0.5% (v/v) TN1 medium (Tekniscience, Canada) 48 h
after transfection. The scFv-Fc or IgG were harvested from the culture supernatant after another 72 h of
cultivation by centrifugation at 1,300 g for 5 min. The supernatant was passed through a 0.45 pum filter
before purification.

Human IgG and scFv-Fc were purified using a 1 mL HiTrap Protein-A HP column (GE Healthcare, USA). The
column was equilibrated and washed with PBS buffer. The scFv-Fc or IgG were eluted in 0.1 M glycine-
HCL, pH 3.5. The elution fractions were neutralized with 2 M Tris-HCl, pH 8.0 and dialyzed with PBS buffer.

The samples were kept at 4 °C until further analysis.

Competitive ELISA using different antibody formats. The purified antibodies were used to test binding
sensitivity (scFv-AP, scFv-Fc and 1gG) and specificity (scFv-AP) by competitive ELISA as previously described®.
Briefly, 1 Hg AFB1-BSA conjugate (Aokin, Germany) was immobilized on the wells of an ELISA plate and
blocked with 2% (w/v) skimmed milk. The optimal concentration of scFv-AP that showed a linear
relationship by indirect ELISA was pre-incubated with increasing amounts of soluble AFB1, ranging from
0.028 to 5000 ng mL"at 37°C for 30 min before adding into the previously coated wells of the ELISA
plates. To develop color, the PNPP substrate was added and the absorbance measured at 405 nm by
Sunrise™ Tecan ELISA reader (Ménnedorf, Switzerland). The data obtained were used to plot inhibition
curve as A/A, vs logarithm of analyte concentration. A half-maximum inhibition (ICs,) was estimated at
50% A/A,.

To evaluate binding specificity, the scFv-AP antibody constructs were assayed against a range of
soluble aflatoxins, i.e., B1, B2, G1, G2, M1, ochratoxin A (OTA), and zearalenone (ZEN). Stock solutions were
diluted using TBST. The assays were performed following the competitive ELISA protocol, as described
above. The percentage cross-reactivity (%CRs,) was determined by ICs, value of aflatoxin B1 divided ICg,
value of other aflatoxins, multiplied by 100.

For IgG and scFv-Fc, an HRP-conjugated goat anti-human IgG (F(ab'), secondary antibody was
added and incubated for 1 h. After that, the plate was washed with 3 times PBST and 2 times PBS. Then,
TMB substrate was added. The reaction was stopped with 10% (v/v) HCl after incubation for 10-30 min.
Triplicate measurements of absorbance values at 450 nm were performed and the average values with

SD (standard deviations) were reported.
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Cloning and expression of scFv-EmGFP. The gene of the sAFH-3e3 anti-aflatoxin scFv, which showed the
best sensitivity,” was sub-cloned from the phagemid vector into the pWS-Green vector (constructed in our
laboratory), between the Ncol and Notl sites. The integrity of the construct was confirmed by automated
DNA sequencing.

To express scFv-EmGFP, the sAFH-3e3-EmGFP vector was transformed into E. coli SHuffle® T7
Express. A single colony of E. coli harboring recombinant plasmid was inoculated into 5 ml of LB media
containing 100 ug mLof ampicillin and cultured at 30 °C with shaking at 250 rpm overnight. Four mL of
this overnight culture were used to inoculate 400 mL of LB medium containing 100 ug mLof ampicillin.
Cells were cultured at 30 °C until an ODg,, of 0.9 was reached. Then the culture was induced with 0.4mM
IPTG and grown with shaking at 25°C, 250 rpm for 16 h.

The cell pellet was harvested by centrifugation at 7,455 ¢ for 10 min, and re-suspended in binding
buffer (20 mM Tris-HCl, 500 mM NaCl and 20 mM imidazole, pH 7.4) containing 1 mg mL" lysozyme. After
adding 1 mM phenylmethylsulfonyl fluoride (PMSF), cells were disrupted by intermittent sonication at
40% amplitude for 5 min on ice using 30 s pulse and 30 s break for cooling. The cell debris was removed
by centrifugation at 10,000 g for 30 min at 4°C, followed by filtering through a 0.45 pm filter. The antibody
was purified using a 1 mL His-Trap column (GE Healthcare, USA) first equilibrated with 10 mL binding buffer
(20 mM Tris-HCL, 500 mM NaCl, 20 mM imidazole, pH 7.4) before the clear supernatant containing the
crude antibody was loaded. Then, the column was washed with 20 mL of the same buffer. The scFv-
EmGFP was eluted by performing a linear gradient from 0-100% using a high concentration of imidazole
(20 mM Tris-HCL, 500 mM NaCl, 500 mM imidazole, pH 7.4). The gradient length was 3-5 CVs. Fractions
containing the scFv-EmGFP fusion protein were pooled and exchanged by dialysis into PBS buffer at 4°C,
using 10 kDa MWCO Snakeskin™ dialysis tubing (ThermoFisher Scientific, USA) at 4°C.
Fluorescence-linked immunosorbent assay (FLISA). Binding activity of sAFH-3e3-EmGFP antibodies was
determined by FLISA. Black Nunc-Immuno 96 well plates (Nunc, Denmark) were coated with 0.25 g of
AFB1-BSA in 100 pL 1XPBS. After incubation at 4 °C overnight, the plates were blocked with 2% (w/v)
MPBS at room temperature for 1 h. The plate was washed 3 times with PBS. The optimal dilution of scFv-
emGFP that showed a linear relationship by indirect ELISA was pre-incubated with increasing amounts of
soluble AFB1 ranging from 0.762 to 5,000 ng mL " at 37°C for 30 min before adding into previously coated
wells of the FLISA plates. After that, the plate was washed 3 times with 0.05% (v/v) of Tween-20 in PBS
(PBST), followed by twic washing with PBS. Finally, 100 uL of PBS was added into the plate wells. The
fluorescence intensity was measured by a fluorescence-based microplate reader (ThermoFisher Sceintific,
USA). The excitation-emission wavelengths were set at 484-509 and 478-506 nm. Standard curves were
plotted as A/A, vs logarithm of analyte concentration. A half-maximum inhibition (ICsy) was estimated at

50% A/A,

Passive adsorption of antibodies to colloidal gold. Colloidal gold at a particle size of 40 nm (BBI
solutions, UK) was used in this study. For conjugation, 5 ug mL™ of sAFH-3e3 IgG and 5 pg mL" of BSA in
100 plL of 0.2 M borate buffer, pH 8.55 were slowly mixed with 10 mL of colloidal gold solution. After 30
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min, 100 pl of 1% (w/v) BSA was added to block the surface of colloidal gold particles and incubated for
30 min at room temperature. Centrifugation at 9000 g, at 4°C for 20 min followed and the supernatant
was discarded. The pellet was resuspended in 20 mL of deionized water. The centrifugation step was
repeated. Then 600 pL of deionized water containing 1.2% (w/v) BSA and 0.08% NaNs (v/v) were used to
resuspend the pellet for stabilizing the conjugate. The antibody-gold complex was diluted with

conjugation buffer to 5%-10 % (v/v) before use.

Passive adsorption of antibodies to latex microspheres. The adsorption of purified scFv-Fc and IgG to
latex microspheres was modified from a previously described method °. Different concentrations of the
antibodies (0.05, 0.1, 0.25 and 0.5 mg mL™) and two sizes of latex particles were tested (70 nm and 169
nm, Merk Millipore, Darmstadt, Germany) (see supporting information). To test for the optimal amount of
antibody for use, 5 pl of 70 nm green color microspheres were diluted in 445 plL of 10 mM borate buffer,
pH 8.7, before conjugation with different concentration of antibodies. To determine optimal size of latex
particles for utilisation, 50 pL of 70 and 179 nm latex particles were diluted in 450 pL of 10 mM borate
buffer, pH 8.7, before conjugation with appropriate concentrations of antibody. The mixture was
centrifuged at 10,000 ¢ for 5 min. The supernatant was carefully discarded. The pellet was resuspended
in 250 pL of 10 mM borate buffer, pH 8.7. An equal volume of the sAFH-3e3 scFv-Fc and IgG antibodies in
the same borate buffer were added and incubated for 90 min at room temperature with rocking. After
incubation, 10% (w/v) BSA was added to block non-specific binding, and further incubated for 45 min.
Then, the particles were washed with buffer and centrifuged at 10000 g, 20°C for 5 min. After that, the
pellet was resuspended in 500 L of 100 mM borate buffer, pH 8.7. The antibody- latex particles complex

was diluted at 1:3 with borate buffer before use.

Analysis of corn samples spiked with AFB1 using scFv-AP by competitive ELISA. Two grams of corn
sample containing 0 ppb AFB1 (Trilogy, USA) were mixed with 20 mL TBST or 70% (v/v) methanol in a
glass bottle. This was then vortexed for 3 mins and allowed to stand to let the matrix settle for 10-15
min. After that the solution was filtered through Whatman filter paper No.1. Various concentrations of
AFB1 standard (4, 10, 20, 40, 100, 200 and 400 ng mL™) were spiked into different tubes of the filtered
solution. These were diluted in TBST or 70% (v/v) methanol at a ratio of 1:3. Analysis was performed by
competitive ELISA, using scFv-AP as described above, except that the spiked AFB1 samples were used
instead of AFB1 standards. ELISA plate wells were coated with 0.25 pg of AFB1-BSA and the scFv-AP at a
ratio of 1:20 was used. A competitive curve between A/A, and concentration of spiked AFB1 was plotted.
The ICspand the limit of detection was estimated at 50% A/A, and a detection limit was estimated at 70%

A/A,, respectively.

Detection of AFB1 contaminated in corn samples using lateral flow immunoassay (LFIA). AgraStrip®
Aflatoxin WATEX® Quantitative Tests were provided by Romer Labs Division Holding GmbH (Tulln, Austria).

The antibodies conjugated with colloidal gold or latex particles were used instead of the conjugated
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antibody from the company. The detection of aflatoxin was done according to the instructions from the
test kit. Here the LFIA is based on a competitive ELISA. The test strip contained mouse monoclonal
antibody and aflatoxin conjugated BSA on the control line and test line, respectively (Fig. S1). Gold and
latex particles complex were diluted with their conjugation buffer before use as describe above . For LFIA,
10 grams of corn sample (Romer labs, Austria) were weighed into a bag (provided by Romer labs) and 20
mL of PBS buffer or 70% (v/v) methanol were added. The bags were shaken for 2 min in PBS extraction
buffer or 70% (v/v) methanol,. After that, the corn samples were settled by standing the bag for 2 min.
Before testing with the lateral flow assay, the extraction sample solution from the bag was diluted in 1:10
with PBS buffer. Then, A 50 pL of different concentrations of AFB1 (100, 50, 25 and 6.25 ppb; Romer Labs)
were mixed with 50 pL of antibody-latex complex or colloidal gold conjugated-antibody in the microwell
by pipetting up and down. One test strip was put into one microwell for 3 minutes. The signal was
measured using a AgraVisionTM Reader (Romer labs, Tulln, Austria). A competitive curve between A/A, and
logarithm of concentration of spiked AFB1 was plotted. A half-maximum inhibition (ICs,) was estimated at

50% A/A, and a detection limit was estimated at 70% A/A,.

RESULTS AND DISCUSSION

Aflatoxin B1 (AFB1), the model mycotoxin used in this study belongs to a group of mycotoxins
that are harmful to human and animal health, due to both acute and chronic effects, including allergic
reactions, mutagenicity, immunosuppression, and potent carcinogenicity. It can be found in agricultural
commodities and animal feed'. Maximum level for different type of mycotoxins, especially aflatoxin B1
has been set by many national and international governments and organizations, including the
international CODEX standard .

Among a variety of established methodologies for analyzing mycotoxins, namely thin layer
chromatography, ultra-pressured layer chromatography, immunoaffinity chromatography, high-
performance liquid chromatography and near infrared spectroscopy'”*, immunological methods are
among the most rapid, most simple, cheapest, sufficiently sensitive, and most suitable for on-site
screening. In the developing countries, which are the major exporters of food and agricultural products
such as South-East Asia, Africa, and the Middle East, there is an ever increasing demand for simpler and
cheaper methods for the easy detection of mycotoxin contamination'”. The two main immunoassay
methods commonly utilized for detecting mycotoxins are ELISA and Lateral flow immunoassay (LFIA).
These methods require antibody as the vital reagent for detection. Determining the most appropriate
recombinant antibody formats for use in these assays is key step for their optimal exploitation to generate
more effective aflatoxin tests.

In this study various formats of anti-aflatoxin B1 antibody were investigated. The expression

cassettes and their resulting antibodies are summarized in Fig 1.
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Figure 1. Schematic illustration of phage display and mammalian cassette vectors for the expression

scFv, scFv-AP, scFv-GFP, IgG and scFv-Fc in this study. The pMOD, pKPAI|I3OO phagemids and pWs-
Green were used to generate scFv, scFv-AP and scFv-GFP, respectively (A). The restriction sites for cloning
scFv fragments are shown. Co-transfection of pKR-CH and pKR-CL_yAFB1.c3 in HEK293-6E cells can produce
human 1gG; (B). The pKR-scFv-Fc was used to express scFv-Fc. The restriction sites for cloning the V regions

and scFv fragment are indicated.

Expression and purification of various antibody formats. The four anti-aflatoxin scFvs were converted
into 1gG and scFv-Fc formats by subcloning into mammalian expression vectors as depicted in Fig. 1. Anti-
aflatoxin 1gG were produced from 2 monocistronic vectors; i.e., pKR-HC (Fig. 1A) and pKR-CL_yAFB1.c3 (Fig.
1B) by co-transfection of both plasmids into HEK293-6E cells. The mammalian expression vector pKR-scFv-
Fc (Fig. 1C) was used for the expression of scFv-Fc. Both IgG and scFv-Fc were produced in HEK293-6E cells
on a 25 mL-scale. These antibody formats were purified by protein A affinity chromatography. Purity and
apparent molecular weight of purified antibodies was assessed by SDS-PAGE analysis (Fig. S2). Under non-
reducing conditions, apparent molecular sizes were approximately 120 and 150 kDa for scFv-Fc and IgG,
respectively. Under reducing condition, both heavy and light chains could be observed, of which doublet
bands of light chain were detected (Fig. S2-A). This could be because of the heterogeneity in glycosylation
that did not interfere with its binding activity as was previously observed . Yields of the four different
scFv-Fc and IgG antibodies were between 270 to 389 mg L™, and 277 to 480 mg L™, respectively. The scFv-
Fc formats of the three mutant clones could be purified at a higher yields than those of the parental
clones and in lgG formats. These results corresponded with previous observation that the scFv-Fc
generated from scFv expressed in higher yields than those of IgG!". These yields were much higher than
that of scFv-AP format that was expressed in E. coli, under the control of PhoA promoter and produced
in low phosphate media to preserve the alkaline phosphatase activity '. The scFv-AP bands appeared at
the expected size of approximately 80 kDa (Fig. S-2B). The vyields of the four different scFv-AP ranged
between 0.7 - 2.7 mg L™
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Competitive ELISA. To determine the sensitivity of various formats of the four antibodies clones (yAFB1-
C3, sAFH-3el1, sAFH-3f11 and sAFH-3e3), indirect competitive ELISA was performed. The graphs were
plotted from the absorbance values (expressed as A/Ay) and the concentrations of AFB1. The ICs, values
for the scFv °, scFv-AP, scFv-Fc and IgG are shown in Table 2. The results indicated that the sensitivity of
antigen detection by different antibodies was influenced by the conversion into different formats. Over
all, the scFv-AP format showed the highest sensitivity to aflatoxin with the ICs, ranging from 0.007 to 0.06
OIS mL™. For clones sAFH-3e11 and sAFH-3f11, the scFv-Fc format had ICs, values close to those of scFv
formats, whereas the IgG format showed lower sensitivity. Loss of affinity after conversion of scFv fragment
to 1gG was previously reported for human anti-CD30'®. However, the yAFB1-c3 IgG format showed higher
sensitivity than the scFv and scFv-Fc formats. For sAFH-3e3 clone, which has the highest sensitivity, the
IC5, of scFv-Fc and IgG formats were similar to that of the scFv format. These results are correlated with
several previous studies which demonstrated that conversion of antibody fragments back to full length
IgG or scFv-Fc resulted in similar or improved antigen binding '**" .

In summary the results from competitive ELISA showed that the conversion of scFv to IgG and scFv-Fc
formats did not help to improve the sensitivity of the antibody. However, the yields of IgG and scFv-Fc
formats were much higher when produced in a mammalian system, when compared to those in the E.coli
system. The antibody in the scFv-AP format showed the highest sensitivity by ELISA, which could be
because AP is a very efficient enzyme , and also less washing steps, which could reduce the signal, were
required for one-step detection using the scFv-AP format “*. Moreover, since AP is a dimeric enzyme;
therefore, scFv-AP is bivalent. An increase in avidity by constructing bivalent scFv-Fc has been reported to
increase binding affinity to C-reactive protein (CRP) 50-fold, compared to the monovalent scFv fragment
# Since in this study, the scFv-AP formats showed the highest sensitivity, it was further used to investigate

the biding specificity of each antibody in the next step.

Table 2 ICs, of different formats of antibody.

ICso (g mL™)

scFv (¥) scFv-AP scFv-Fc IsG
yAFB1-c3 0.120 0.060 0.230 0.060
sAFH-3e11 0.042 0.009 0.038 0.090
sAFH-3f11 0.055 0.009 0.040 0.070
sAFH-3e3 0.018 0.008 0.022 0.022

*Results from a previous study °
Specificity of scFv-AP format against aflatoxin. Cross-reactivity of four scFv-AP clones were
determined against structurally related aflatoxins; namely aflatoxin B2, G1, G2, and M1 (a metabolite of

B1). Different scFv-AP clones showed various degrees of cross-reactivity against different related aflatoxin
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except for AFM1, as shown in Table 3. For sAFH-3e11 the degree of cross reactivity was in decreasing order
from AFG1>AFB2>AFG2, whereas the other two mutant clones showed decreasing degree of cross
reactivity from AFG1>AFG2>AFB2. Interestingly, clone sAFH-3e3, which has the highest sensitivity against
AFB1 (sAFH-3e3) showed cross reactivity to AFM1 and a high percentage of cross reactivity against AFG1 in
a similar manner to another previously published clone #. None of these clones showed cross reactivity
against non-related mycotoxins; namely, ochratoxin and zearalenone (see supporting information Figure

S3). Therefore, these antibodies could be applicable for detection of total aflatoxins.

Table 3 Results of cross-reactivity of four scFv-AP against aflatoxin.

Cross-reactivity (%)

AFB1 AFB2 AFG1 AFG2 AFM1
yAFB1-c3 100 30.0 70.6 34.3 0.0
sAFH-3el1 100 333 83.33 28.6 0.5
sAFH-3f11 100 225 75.0 52.9 0.3
sAFH-3e3 100 30.8 125.0 111.0 18.2

Binding activity of scFv-GFP to free mycotoxin by competitive FLISA.

GFP has been successfully used in biosensors “° Hence the binding of recombinant anti-aflatoxin antibody
in the scFv-GFP format was investigated to explore the possibility for use in a mycotoxin biosensor
detection. The sAFH-3e3 clone, which showed the highest binding activity was fused with EmGFP, and the
binding sensitivities were determined by competitive fluorescence-linked immunosorbent assay (FLISA)?"?.
The optimal concentrations of conjugated mycotoxins and recombinant scFv-GFP proteins were first
determined by checkerboard titration (data not shown). Competitive FLISA indicated that the ICs, of sAFH-
3e3-GFP were 26 and 30 ng mL" when measured with the excitation/ emission wavelengths of 484/509
and 478/506 nm, respectively (Fig. 2). The ICs, values of sAFH-3e3-GFP were close to those of scFv-Fc and
IsG but not as low as that of scFv-AP format.
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Figure 2. Competitive FLISA of sAFH-3e3 scFv-GFP against AB1-BSA.

Concentrations of soluble AFB1 from 0.762 to 5000 ng mL™ were incubated with purified sAFH-3e3-GFP
antibodies at 37°C for 30 min before addition to wells of Immuno 96 MicrowWell plates, coated with 0.25
ug AFB1-BSA. Bound antibodies were detected by fluorescence intensity. Fluorescence values (expressed
as F/Fy) were plotted against the logarithm of AFB1 concentration. The ICs, of sAFH-3e3-GFP were 0.26 and
0.030 ug mL™" when measured with the excitation and emission wavelengths at 484-509 and 478-506 nm,

respectively.

Detection of AFB1 from grain samples using scFv-AP. To demonstrate the feasibility of employing
recombinant scFv-AP, which showed the best binding performance, for the detection of mycotoxin
contamination in agricultural products, competitive ELISA was performed using spiked samples. The ICs,
and limit of detection was determined from graph plotted with A/A, versus log of concentration of spiked
AFB1 (Fig. 3). The result indicated that a suitable buffer for extraction of reference sample was TBST,
showing the ICs, value of 9 ng mL™. Interestingly, the ICs, value was 90 ng mL™", which was 10 times-lower
in sensitivity when 70% methanol was used as extraction buffer. An increase in ICs is likely due to matrix
interferences, which could be decreased by diluting the sample extract with phosphate buffered-tween
(PBST) solution'. The detection limits of scFv-AP when extracted with TBST and 70% methanol were 1.5
and 35 ng mL™, respectively. While this limit of detection (LOD) is still too high for the CODEX standard,
further improvement of binding affinity could be performed to increase the binding affinity using antibody

engineering 27

. Nevertheless, these results confirmed the previous observation that recombinant
antibody in the format of scFv-AP could be used to detect mycotoxin contamination in agricultural
samples .

—8—TBST e 70%Met
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Figure 3. Detection of aflatoxin contamination in agricultural sample using sAFH-3e3-AP. The
extraction buffers (TBST or 70% (v/v) methanol, Met) were compared. The spiked AFB1 at various
concentration (4, 10, 20, 40, 100, 200 and 400 ng mLY) were incubated with sAFH-3e3-AP. Absorbance
values (expressed as A/Ay) were plotted against the logarithm of AFB1 concentration. The ICs, values of
SAFH-3e3-AP when using TBST or 70% (v/v) methanol as extraction buffer were 9 and 90 ng mL™,

respectively.
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Recently, several recombinant antibodies have been produced and successfully used for aflatoxin
detection in ELISA-based assay on microtiter plate *'. These included the used of various format of

63235 Faph % and VHHY'. So far there have been only a few example of

antibody such as scFv fragment
applying recombinant antibody for lateral flow immuno assay (LFIA) or strip test, e.g., the detection of
morphine by using scFv conjugated with colloidal gold *. Since there has been no report on using
recombinant antibody as an immunoreagent for the detection of aflatoxin by LFIA; therefore, in the next

step, we further investigated the potential use of recombinant antibody for the detection of AFB1 by LFIA.

LFIA for the detection of aflatoxin using colloidal gold-IgG

Colloidal gold is commonly used to conjugate with traditional polyclonal and monoclonal antibodies for
incorporation into LFIA or test strips. In this study, quantitative detection of AFB1 was investigated using
an AgraStrip (Romer Labs). Colloidal gold conjugated to sAFH-3e3 IgG acted as the prob. The anti-mouse
mAb and AFB1-BSA were applied to a strip as a control line (C) and test line (T), respectively.

The corn samples were extracted with PBS. Then, different concentrations of AFB1 were spiked into the
extracted solution. These spiked solutions were mixed with IgG labeled with colloidal gold and added to
microwells. Then, a test strip was dipped into the well. The IgG-colloidal gold complex flowed along the
membrane, encountered the coated AFB1-BSA and was captured. Thus a red color appeared at the test
line (T). When AFB1 was present in the sample, the binding of the IgG-colloidal gold to the AFB1-BSA was
inhibited and the colour on the test line was reduced. The control line is visible because of the reaction
between colloidal gold- sAFH-3e3 IgG and anti mouse IgG, indicating good functionality of the test. The
red color intensity of the test lines decreased with increasing AFB1 concentrations. The intensity of the
test line on a strip was evaluated using an AgraStrip reader (Romer Labs, Austria). Graphs were plotted
from the peak values. There was an inverse relationship between the signal intensity and aflatoxin
concentration. The result showed that the ICs, value was 28 ppb.The limit of detection was estimated

from the graph at 0.7 A/A, as 6 ppb (Fig. 4).
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Figure 4. LFIA analysis of extracted corn sample spiked with AFB1 standard using colloidal gold-
sAFH-3e3 IgG antibody. Various concentration of soluble AFB1 mixed with colloidal gold-antibody

conjugated were tested. The red color at the test line (T) decreased when the concentration of AFB1
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increased. The graph was plotted from A/A, against log of the concentration of AFB1; A= peak area value

of each concentration of spiked AFB1, A, = peak area value at 0 ppb.

LFIA for the detection of aflatoxin using latex-IgG

Colloidal gold is widely used as a labels for LFIA, but appears mainly as as red color. Latex particles offer
a wider range of colors, which will be useful for multiplexing LIFA for the detection of multiple mycotoxins.
Therefore, the sAFH-3e3 IgG-latex was generated to investigate its potential use for the detection of
mycotoxin contamination in LFIA. The procedure was the same as that used for the colloidal goal
conjugated antibody, except that the IgG-latex conjugation gave a green color on the test line and control
line. As illustrated in Fig. 5, the result showed that the ICy, value was 18 ppb. When 70% methanol was
used as the extraction buffer, the ICs, values was 70 ppb. This result and a previous observation® indicated
that water-based buffer is a suitable extraction buffer for LFIA. The limit of detection when using PBS as
an extraction buffer was at 5 ppb. In this study, the extraction solution was diluted 1:3, as a multifold

dilution has been shown to reduce matrix interference and improve sensitivity®,

PBS 70% Methanol
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Figure 5. LFIA analysis of extracted corn sample spiked with AFB1 standard using latex microsphere-
sAFH-3e3 IgG antibody. Corn sample was extracted with PBS buffer or 70% (v/v) methanol and spiked
with various concentration of AFB1. The green color in the test line (T) decreased when the concentration
of AFB1 was increased. Graph was plotted from A/A, against log of concentration of aflatoxin; A= peak

area of each concentration of spiked AFB1, Ay = peak area at 0 ppb.

This is the first preliminary study on using recombinant antibody based conjugation with latex particles as
a detection probe for LFIA. The results showed that both gold and latex can be used to conjugate with
recombinant I¢G for in LFIA. To improve the performance of LFIA, various parameters can be optimized,
e.g., the conjugation methods, types of strip utilised, and concentrations of reagents on the test and
control lines™.

CONCLUSIONS
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In this study, the effects of recombinant antibody formats on their performance were investigated
by using an antibody against AFB1 as a model. Four recombinant antibodies against AFB1 were engineered
into 4 different formats, i.e., scFv-AP, scFv-Fc, IgG, and scFv-EmGFP. The binding properties of these
antibodies were compared. The results showed that when scFv were converted to different formats, they
can retain, increase or loss binding activity, depending on the variable sequence of the clones. The scFv-
AP format was found to be highly suitable for the detection by ELISA; however, the production yield is
relatively low, when compared to scFv-Fc or IgG constructs. The IgG format, conjugated to either gold or

latex particles, was highly applicable for the detection of mycotoxin by LFIA.
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