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ESRPLYYADSVKGRETISRONSKNTVYLOMNSLRAEDTATY YCAYMPLVRHKAYWGCGTQVIVSS
RPLYYADSVKGRETI SRDNSKNTLYLOMNSLRAEDTAVY YCAYMPLVRHKAYWGQGTLVTVSS
RPLYYADSVKGRETI SRONSKNTLYLOMNSLRAEDTATY YCAYMPLVRHKAYWGQGTQVTVSS

MPLVRHKAYWGQGTQVTVSS

Al0  DVQLOASGGGFVQOPGGSLRLSCAASC
Mutl QVQLVESGGGLVQPGGSLRLSCAA
Mut2 DVQLVESGGGLVQOPGGSLRLSCAA
Mut3 QVQLVESGGGSVQPGGSLRLSCTASCAT

ATSNT SNMGWFROAPGKEREFVSAT SRA
NISNMSWFROAPGKGLEWVSA
NTSNMSWEFRQAPGKGLEWVSA
SNISNLGWFRQAPGOGLEAVAAT SRAESRPLYYADSVKGRETISRDNAKNTVILOMNNLEKPEDTALY YCAY]

Green: human VH [29]
Magenta: universal VHH [30]
Blue: humanized VHH [9]

Figure S1. Sequence-derived mutants. A10 camelid hallmarks were humanized in combination with
mutations involving further residues participating to either human or camelid fingerprints. Color code
hVH: human VH (green), uVHH: universal VHH (magenta), hVHH: humanized VHH (blue).
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C8wt DVQLQASGGGLAQPGGSLRLSCAASG! MYWVRQAPGKGLEWVSSIS YYADSVKGRETISRDNAKNTLYLOMNSLKLEDTALYFCAI -GQGTQVTVSS
C8H DVQLOASGGGINQPGGSLRLSCAASG CMSWVRQAPGKGLEWVSAIS YYADSVKGRETISRDNSKNTLYLOMNSLRAEDTAVYYCA! WGOGTQVTVSS
C8VI DVQLQASGGGIMOPGGSLRLSCAASG! MSWFRQAPGKEREFVSATIS YYADSVKGRETISRDNSKNTLY LOMNSLRAEDTAVYYCA WGOGTQVTVSS
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Figure S2. Sequences (a) and thermal stability (b) of C8 and its mutants. (a) The naturally present
“human hallmarks” of the Illama VHH C8 are in red. The residues modified in the mutants (C8H: C8
further humanized, C8VI: C8H camelized) are colored in yellow and pink. (b) The first derivative
functions and corresponding Tm values calculated by DSF are reported. The blue/violet curves refer to
control Nbs



Figure S3. Structural comparison between (a) A10 and (b) C8WT. Humanized residues are colored in
pink while camelid residues are yellow. The FW2 hallmarks FERF/VGLW are highlighted by a red
rectangle. A10 further differs from C8WT by the insertion of Trp103 (gray).
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A10: DVQLQASGGGEVQPGGSLRLSCAAS . . CDR. . MEWFRQAPGKEREEVSA. . CDR . . YYADSVKGRFTISRDNSKNTVYLOMNSLRAEDTATYYCA. . CDR. . WGQGTQVIVSS
ALQVI: DVQLOASGGGLVQPGGSLRLSCAAS . . CDR . . MSWERQAPGKEREEVSA . . CDR . . YYADSVKGRFTISRDNSKNTLYLQVNSLRAEDTAVYYCA. . CDR. . WGOGTQVIVSS
A10-HLL: DVQLQASGGGLAQPGGSLRLSCAAS. .CDR..MSWERQAPGKEREFVSA. .CDR. . YYADSVKGRETISRDNAKNTLYLOMNSLKLEDTAVYYCA. . CDR. . ~GQGTQVTVSS
A10C: DVQLQASGGGEAQPGGSLRLSCAAS . . CDR. . MYWVRQAPGKGLEWVSS . . CDR . . YYADSVKGRFTTSRDNAKNTEYLOMNSLKLEDTALYFCA. . COR. . ~GQGTQVIVSS

= Human :Llama

Figure S4. Structures and sequences of A10 and their mutants A10VI, A10-HLL, and A10C. Residues
mutated at each step are highlighted with green dashed circle in each structure. FERF/VGLW
signatures are underlined.
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Figure S5. Elution profiles of A10 and A10 mutants after gel filtration.

CBwt DVOLOASGGGLAQPGGSLRLSCAASGF DF SDAQ—---MYWVRQAPGKGLEWVSSTSRSGLE
C8_GFP DVQLOASGGGLAQPGGSLRLSCAASGFPVNRYS---MYWVRQAPGKGLEWVSSIS,
C8 A2  DVQLOASGGGLAQPGGSLRLSCAASGTPE! IGN—MYWVRQAPGKGLEWVSSLSYG!
C8 D7  DVQLOASGGGLAQPGGSLRLSCAASGDS

SYYADSVKGRFTTSRDNAKNTLY LOMNSLKLEDTALYFCAKSRS -——-—-GLERGOGTQVTVSS
RSSYYADSVKGRETISRDNAKNTLYLOMNSLKT EDTALYFCAVN-———--VGFEGQGTQVTVSS
/LYYADSVKGRETISRDNAKNTLY LOMNSLKLEDTALYFCANLPY ---KRKOMGOGTQVTVSS
==MYWVRQAPGKGLEWVSSLSFRGNFESY YADSVKGRET ISRDNAKNTLY LOMNS LKLEDTALYFCARLPLGSRGE

C8 ALFA DVOLOASGGGLAQPGGSLRLSCAASGVTISALNAMAMYWVROAPGKGLEWVSS LSERGN-AMY YADSVKGRETISRONAKNTLY LOMNSLKLEDTALYFCAVLEDRVDSFHDYGOGTQVIVSS

Figure S6. Grafting nanobody CDRs into C8 scaffold. The CDR sequences of four different functional

nanobodies (in red) were inserted into the C8 framework.
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Figure S7. C8 chimera expression and monomeric behavior. Nanobody chimeras of C8 scaffold and
CDRs from anti-HER2 (A2) and anti-GFP were purified by IMAC and SEC. The proteins present in SEC
peaks were separated by SDS-PAGE ; in the case of anti-GFP, both peak1 (P1 : dimer) and peak2 (P2 :
monomer plus degradation products) were run in parallel. The anti-GFP P1 (green) was run again
(second run) and eluted at the same retention volume.
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Figure S8. Specific antigen recognition of the C8-aGFP chimera. The chimera formed by C8 scaffold
and anti-GFP CDRs was used to evaluate its capacity of specifically binding to its antigen in a sandwich
ELISA test. Histograms obtained by averaging 2 measures and error bars calculated as (max value —

min value)/2.



