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Why NADA (Non-Animal Derived Antibodies)?

NADA offer far more that just animal replacement:

e Quality
e Versatility
e Speed







Fact:

NADAs from phage display are most abundantly used in the
market segment that requires the highest antibody quality
(Therapy)

Unfortunately, they are used to much lower extend for
reserach and diagnostics.

Shim H. Curr Pharm Des. 2016, 22:6538-59,
& Webseite Antibody Society




Why NADA (Non-Animal Derived Antibodies)?

ANTIBODY ANARCHY.
ACALLTOORDER

Antibodies used in research often give murky results.
Broader awareness and advanced technologies promise dlarity.
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Reproducibility: bypass animals for
antibody production
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Problems with polyclonals: multiple specificities

The ZEDIRA mouse anti-TGM2 mADb (red / arrow) shows a main response against TGM2. The rabbit anti-TGM2 pAb
(Atlas Antibodies, blue) exhibited a strong cross-reactivity on the protein level, but no response against TGM2 protein.
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HuProt~Human Proteome Microarray v3.1 scans and combined intensity plot of the mouse mAb and the
rabbit pAb against TGM2.
The mouse anti-TGM2 mADb (red) showed a main response against TGM2 (circled / red arrow) and weaker cross-
AT MG . reactions with the proteins CMIP and JHU07836.P082A01. The highly validated rabbit anti-TGM2 pAb (blue)
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Problems with polyclonal reagents, Example: IHC of zebrafish

zf516Tg (expressing Antigen::GFP) Pac mutant (Cdh2r210r210) (= NO Antigen)
Cdh2-GFP Ab staining Cdh2-GFP Ab staining
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Monocloals are not always the solution:
Productive Antibody-mRNA in Hybridoma mAbs
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Many Hybridoma monoclonals are not monospecific
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How to make animal free antibodies:

Most widely established method: phage display

Universitat Antibody libraries US Patent 5840 479, EP 0440 146, US Patent 6319 690
Braunschweig scFv antibody phage display US Patents 5985 588, 5849 500, 6127 132, EP 0547 201
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NADA: Non-Animal Derived Antibodies from phage display
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NADA: Non-Animal Derived Antibodies from phage display
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Animal free antibodies from phage display

EXAMPLES

: Technische Breitling / Dubel patents (1990/91)
Universitat Antibody libraries US Patent 5840 479, EP 0440 146, US Patent 6319 690
Braunschweig scFv antibody phage display US Patents 5985 588, 5849 500, 6127 132, EP 0547 201




Abcalis

MULTICLONAL
antibodies:

COmblnlng the beSt Of Monoclonal
monoclonals and
polyclonals

abcalis.com



MULTICLONALS:
combining the power of polyclonals and monoclonals

e animal use

e animal use

product
. recognises one Monoclonal Polyclonal
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specificities defined antibodies

ADD ON FEATURES
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Replacing animal sera: Multimonoclonal secondary antibodies

addition of Fc

the world’s phage free choice (rabbit, enzyme
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MULTICLONAL a-hlgG secondary antibody: Specificity

ABCO001M - MULTICLONAL anti-human IgG, Multiclonal

1.5- 1.5-
- -o- |VIg = -~ human IgG
g - hlgG1 s -# bovine IgG
§ 1.0 - -+ hlgG2 g 1.0- -+ rabbit IgG
o -+ hlgG3 § ¥ goat IgG
* Bl
= —— hlgG4 2 —— horse IgG
o O
S 0.5- = 0.5-
= 2
S S
7)) 72
Ko Q
< <

0.0 —Frrr——rrrrr—r—rrrrr——rrrrrm 0.0

0.01 0.1 1 10 100 0.01 0.1 1 10 100
Ab concentration [nM] Ab concentration [nM]

4 o™ ey
3"% ‘st Technische
/ 4 CO lS eSS % Universitat
5}5 s Braunschweig
Opr g



Composing defined multiclonals (Example): stability
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MULTICLONAL a-hlgG: lower Background

Captured hlgG detection in ELISA

anti-hlgG antibody:

- Multiclonal-HRP
- (Goat polyclonal-HRP
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e completely animal free (discovery & production) Monocional \ MULTICLONAL / ‘foyconsl

MULTICLONALS - Summary

e recognize several defined epitopes P
e provide ,polyclonal®-like signal amplification

e tested to be robust reagents

 |ower unwanted reactivity

e can be made with Fc part of choice

e provide unlimited reproducibility

 available today
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Our Multiclonals are fully compliant with EU guidelines
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£53 will enhance reproducibility of results and the sustainable supply of reagents.

Animal-derived polyclonal antibodies make up a large proportion of animals used today

EURL ECVAM Recommendation for antibody production and, therefore, present serious ethical concerns. However, they
on Non-Animal-Derived can be produced using defined mixtures of sequence-defined recombinant antibodies
Antibodies developed from universal phage display libraries, thereby avoiding the use of animals.

These so-called “multiclonal” antibodies? have been recently shown to exceed the
performance of the monoclonal products®. These recent developments also show that
non-animal-derived “multiclonal” antibodies with superior quality (e.g., lower unspecific
reactions) and higher reproducibility over animal-derived polyclonal antibodies can and
should be generated. It is therefore possible to combine the best features of monoclonal
and polyclonal antibodies in a completely animal-free and defined product

Even though the ESAC review did not cover the field of therapeutic applications, EURL
ECVAM considers that non-animal-derived antibodies are also a suitable alternative in
this field. In fact, monoclonal affinity reagents approved for therapeutic applications are

httpsr//publica;ionzijrlcil-g%t:;g:pgaéeu/repository/ nowadays exclusively recombinant, well characterised because of strict regulations, and
andaie
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Example 2: NADA to replace polyclonal horse sera against Diphtheria
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Animal free antibodies are better neutralising that clinical animal sera

Neutralization potency of IgG antibodies expressed as IU/mg determined by Vero cell neutralization assay with a toxin dose level of 4 A~ MCD.

5 1000 ‘

£ . .
> 100 _ =L 8x increase
- | ,

O 10

S

4 1

c

S 0.1

X

s 001

2

2 00014 f

AR R AS A ST RE LIOE A AR B
9 9""\9 S N o,"' q 05" '\ '\‘V KO SENCIAN WQ"’S\,@":@"' LA O Qe
O OO RO G R 04\04\ X %o'\xx RORH, OISR ANV polyclonal
oo et e clinical standard
C-domain T-domain R-domain IgG antibodies
A-fragment «—— B-fragment —» beSt DT
green/blue-striped = B-fragment,yellow = unknown domain. neutralizing
antibody

Technische

> Universitit
S "
BraunSChwelg PlS‘ 0 Confidence in Biological Medicines

»ff NIBSC Wenzel, et al. (2020) Sci. Rep. 10, 571




Versatility.



Human (animal-free) antibodies from universal HAL libraries

origin of antigen | number of different | number of unique,
antigens validated binders

human 336 257>
other mammalia 43 288
metazoa 21 148
plant 14 51
fungi 13 41
bacteria 70 457
Virus 14 61
haptens 6 20

. total 517 3441

1/2020
from diversity > 1.5x1079. naive, close to germline human

antibody phage display libraries
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Benefits of recombinant antibodies: Free choice of Fc part
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/ antigen binding regions o
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FC species origin
regions oS
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...or many others

(...added by DNA cloning from known genes)



Engineered antibodies with Fc of differerent species:

antigen binding part human mouse rabbit

A Y

o~ Tubulin o
riple
Fe-pant 1l I staining
human use abt -
GTP-Rab6 Q“” M

oV iy
,e”.ﬁ . ‘2 Technische
i 3 %: Universitat
2R A S

On "‘4

Braunschweig Franck Perez and coworkers, Moutel et al., 2009 BMC Biotechnology, 9:14



Improving antibodies by /in vitro evolution

sub-nM

+ >500 fold affinity maturation

* Increased stability

end product:
stable >1 month

o]
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Rapid animal-free antibody generation to SARSCoV2

Yumab GmbH i

Yumae g0 followers
3 Monate - Bearbeitet nature methOdS

In cooperation with #Boehringeringelheim and in less than 4 weeks,
YUMAB generated and characterized the first human antibodies with
#receptor_blocking_activity against the new #Coronavirus by
applying the Nobel prize awarded #phage_display Technology.
Thanks to all involved for their excellent work.

level'? (Edwards et al., 2018). The dawn of a new era is upon us where neither
the scientific nor the ethical shortcomings of animal-derived antibodies need

be tolerated any longer. A poignant and pertinent example of this is

By providing these antibodies, the first step is taken towards a the astonishingly rapid generation of animal free, human monoclonal
therapeutic antibody to combat #Covid19. antibodies to SARS-CoV-2 in response to the urgent need for solutions to
https://Inkd.in/dmjSC9E counteract the spread of the virus by numerous biotech companies worldwide.
#Coronavirus #SARS_CoV2 #Covid19 Whilst some groups are relying on immunisation strategies, others are using

non-animal approaches including human B cells from convalescent sources or
large pre-existing naive antibody libraries to select antibodies by phage or yeast
display, permitting the generation of antibodies in as little as 4 weeks!!:12

Gray, et al. (2020) The impact of EU policy on antibody generation. Nature Meth. in press.
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Rapid human antibody generation to SARSCoV2

Antibody Selection & Screening Accelerated Fast track
library development clinical testing
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Protective antibodies against SARSCoV2 (animal free)

infected noninfected D02 EO1

PN . PY > SARS-CoV-2 infected, no Virus (healthy cells)
u qtreated

[

o

o
|

P4
S~
o e—
e}
m v . — - Ve A . "o “w N " " - . " 5 Wk A v ~r N o< - . - » v
P —_— .. . il il ’1‘ ;"‘.",'.“:v‘ :.‘;‘ ;. ‘/“ ‘. Rk s .‘_",:- V;'.. a’.' A = '._ ; ’ - ’~ v . .,-..
(443 . . . . .. 1’:‘1 o —,,_‘VJ‘.J%,!,' . ).\ ; .r_- w ¥ .; J,;‘D_/-A-‘ ’r& ; " L s
m '*v ------- .vl-"‘lvv ------- vlv.---.'v'v vvvvv .lvvv ----- .v'--ct'--vuvv-vv-v—.--v-' ------- TrrrEEEEAY " ":’: ; .7‘.’- ': Jo '.i-?.'J - */';;‘ 5 _' ’ ."'_ ot “_:l
(] @ T i itz B PN KTy TS SEap e Ve
. 3 8 = 102 4G ¥ . o T Rt U T
= a9 ® b os R R Rt SRRt L
i e T L 4 2% o A A AN |
0 90 . . g A ‘f‘.”;.' - > . ‘_,. ’ e
= o, WRE SN vt 2 AT SuRIAL o
AP TR = S5 SN i
= z‘ P Rl X AT L gyt
e G Aiav RS R m R
o - i W el S S S O SV
e TN LR RO S R R N L
(&) 85 < 0 T o e <
% - . ..,; o . - - f o ..j
2 2 - Rt AT
’ = Ta - ro e A S
B0 e o AR -
~l\ " o ™~ - - » . A o N " “ ™ . : . ' A e ekt e R
KOTSRS R e S . & B SRR S B A S SR AP o P« S TP PN ST\ RPN LN AL A A ®
¢ - .\ -’ \ W Y " WY Wy L Y W = e \:' ~ N ' - =08 - . A
" \\v s g o \\ " W \\ W W - W B :\\ \\\ W _}‘\ W \\ W e 4 Vi i ) : R
. - - - £ <~ ~ P . - P ¢ ” ' A - =~ o ~ -
\'\\ \‘\ t'\\\ \ \‘-\\ 'Q\’}' ) \ "\\ ' “\\ ¥ \ \0 "'-*\ ""\\ .'-\.. q.l“\\ A -\‘ ».'-(L ..\\ .."‘:. ¢." *\\ i ».I 0\ 1“\\\,\ - 'C S . - wTAr g
_~ ™ al on . S 2 7 S o N7 N 87 S 5 8¢ Y S i T e JNE W (o e - > .
> [ A 5 > o o o . \.\ ) » N > » > » » > N ite, JiPeis y R : $Pcs G v .
SRS AR o G0N SRR, M R S S R S R S T AP R G, S ARG TR TR Py A i
- p p - Yy, ) o L uns ¥ : ‘ -
:..'\\ \\ |\>‘ \-\ -9\ \.:' \;: \\" -:\ _ﬁP ,LQ .:‘:» -".C)‘ ‘\. ! 0\)‘ 4“\. \\:' 4"0’> D’ 0 &Q o . - \\‘}. Y i 2 { @ L‘. ’ ‘- S5
b=l ~ S o Ly > S N - < " < ~' L Ly L oy S oy & N =Y , " L N
¢ . iy AR ) A A 4 57 N o ’ Q- ) O D S o & 2 i S A o -
0.' [N o ’. N A A\ ' S 3 L [ ) ) (2 9 e - Al =~ ¢ - i R4y 2+
o 5= - . A \ o “\ ’ . ’ N\ N - S N 5\ ' " < . X '
oy \\i \".- - - ‘_‘\' . -y [ N *\_\ B QN £ o ™ LV L O e - j.": — — N W L
o -\t n: N 9 P o ) e o s %" Ty D Y O 2\’ s < SN L O 2 b MO Oy ST
ST 2, R S OO SO AR S S A R ¢ @ OEXUFISIT TS ’ :
I S S . ‘ 5d0hOm §
Y 3 o
s —~ v

SARS-CoV-2 -
02 mab YUSOSBUL

—+= A1-STE70-1AS

.
-t
v

HEa e A ot kA D S
Sk T e & e (el N AT N e Y Vo N T B S Wil T g
352t @ ST T o Al S N ¥ by R S e oon M TG 5
- ) " - 4 B Py : e . S ‘
4 —+— B1-YUS05-D02 35 32 Bo BNty R e e ; ; o
(&) ’c:.’. < A 44 e \,.’(‘.0"%’.; b S X v
o Y o B2-YUSOS-E01 B % e T o gl T RY: "~ T q. e oAl : X
— - - -~ 0 3 4 " ’ : < vl
o Te) . .v.‘.‘.‘, ‘4_',':':: A ey 9’}.“ . )" ; 4 -p,_r- N 2\
- .',"’...0'\‘°;'¢‘§‘(,7”"g63"5 PO ,33.*;}'.'3,-., ’. e ‘ St D)\ 3
- . . DR - X > S S R N
s © B6-VUS0S,F04 CNBEER e i
v - s - - ltq\\ O . e ~
g o “~ untreated oiNoer ETN u_ S A B . ¢
: D A rNQRey LT 5 680 LGy, gund
- g - . ) » e
(] > : P g';’v' 0. \-_!‘R.*_..o.‘. "}"Q ) ,’{ j’ cfaane o 4
- o o B L 1G9 T S e % c
- - - " o s -y~ s o 1 -~ = ) | e
=R 94 - =*= uninfected AR R B T R PR S, 3, DTN S0 D
e TGRS gy e , \ i CON TR
‘-‘.?;" e -;v-’.’.‘ » SeLe v -\ Yrve
- oy el P M) - . -
L atipey eNGER I, Bk g Joriom
=g 5 Pl ¥ .;';:, SR « " ¢ )
92 T T T T 1 % R SO W :;’{;‘Q;}??.‘ e il R (e Y k) AN 5
b4 AR SNIT s A e JERND . et s i385 7 3 ¢ : v N g 'S A U
arrows mark samples . m  SUWREY O IR s _ . |
36 48 60 72 84 96 T i P -
- 1 M IR ik

‘ . corresponding to the Sy WY
Hme:(hpl) microscopy panels

Virus growth kinetics

Technische ﬁ HELMHOLT?Z

Data: Ulfert Rand N CQ R
Universitit i . [ , AT
B:‘al:ﬁ;sch:reig IZNEEETP?TUI:)‘NFSL::%RSCHUNG Luka Cicin-Sain HZ| YU MAB




Antibodies efficiently blocking SARS-CoV-2
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SARS-CoV-2 Antibodies for diagnostics:
selected for no cross-reactivity with other corona viruses

clone 1 clone 2

Antigen capture
ELISA

Absorption [450 - 620 nm]
N

Absorption [450 - 620 nm]
N

0 0
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Antigen concentration [ug/mL] Antigen concentration [pg/mL]

-~ SARS-CoV-2 S1 -+ MERS-CoV S1 —— HcoV-229E S1 —— HcoV-OC43 HE
-2 SARS-Cov-1 S1 -+ HKU1 S1 -~ HcoV-NL63 S1 % SARS-CoV-2 S1+S2

Sino Biological antigens:

Plate immobilized anti-SARS-CoV-2 migG2a recAbs binding to SARS-CoV-2 Spike Glycoprotein S1 or HE domain from different human coronaviruses in ELISA.
Mouse IgG2a recAbs anti-SARS-CoV-2 were immobilized in the wells of a 96-well plate at a concentration of 3.16 ug/mL (316 ng/well). Sino biological HIS-tag SARS-CoV-
2 antigens (in green) or other human coronaviruses antigens (in red) were titered from a concentration of 3,16 ug/mL following a root of(10) dilution. Bound HIS-tag antigen
was detected with HRP-conjugated anti-HIS antibody. Gefordert durch:
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What we miss by not using
more animal free antibodies
In reserach

"'";QO
g"oﬁ ‘st Technische
S 3 %‘»‘ Universitit

%1545 Braunschweig

vo#sc'ﬁ‘

scale: versatility

The antibody versatility iceberg

sequence
defined
monocional

reagents s
(= recombinant new applications:

antibodies) ~ab, SCO afﬁ?;tts;a?ggl?(rai{ion;
valency change;
fusion proteins;
sandwich pair selection;
choice of Fc;
affinity switches
etc.

animal derived

non-animal derived

recombinant
antibodies in

catalogues
(animal/non-
animal)
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The deep sea of
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Contact:

Prof. Dr. Stefan Dubel

Technische Universitat Braunschweig, Institute of Biochemistry, Biotechnology and
Bioinformatics

Spielmannstr. 7, 38106 Braunschweig, Germany

Phone: +49-531-391-5731, Fax: +49-531-391-5763

s.duebel@tu-bs.de www.bbt.tu-bs.de/Biotech/

Yumab (human antibodies) info@yumab.com yumab.com
Corat: (COVID-19 antibodies) info@corat-therapeutics.com corat-therapeutics.com

Abcalis (multiclonals) hello@abcalis.com abcalis.com
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