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A

1VHH

QVOLOQSGGGSVQTGGSLTLTCAASGLTEEANSLGWFRQOS PGKEREFVAAVSETKRIDYADSVK

GRFFISRDNTMNTVYLOMNSLKPEDTGIYTCAADPLLISNKRANT WGQGTMVTVSS
2VHH

QVQLVQSGGGLVQPGGSLRLSCAASPRVISTHDMAWYRQAPGKERELVAGITTRGITDYGYSVK

GRFTISRDDAKNTLFLQMNDLKPEDTAVYYCNLRHYEV WGQGTLVTVSS

3VHH

QVOLQQSGGGSVOAGGSLRLSCAASGETFATSPMGWFRQAPGKEREGVAATSPSGGDRIYDDSV
KGRFTISRDNAGYFIYLQMNSLKPEDTARYYCAVRRREDGTSYYTGDYDSWGQGTLVTVSS

B

VK4B11DVVMTQSPSSVTASAGETVTINCKSSOSVAYKSNOKNYLAWYOQORPGQSPRLLIYYAS

TRISGVPDRFSGSGSTTDFTLTISSFQPEDAAVYYCOOCYSAPYSFGSGTKLEIK
VLB5

AVLTQLSSMSGSPGQTVTITCEGSITNIGOYRVNWYQOHLPGTAPKLLIYSNANRVSGVPDRFSG

SKSGSTASLTIAGVQAEDEADYYCSAWDESLNGYVFGGGTKVTVLOR

VLF4QAVLTQPPSVSGSPGQTVTISCEGTSDDVESENYVSWYQQOVPGMAPKLL I YNAGTRRAGT

TGRFSASKSGNTASLTISGLQSEDEADYYCASYRKINKYVFGGGTKLTVLOR
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Wild 3VHHFab

QVQLQQSGGGSVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKEREFV AAISPS
GGDRIYDDSVKGRFTISRDNAGYFIYLQMNSLKPEDTARYYCAVRRRFDGTSYY
TGDYDSWGQGTLVTVSS

mutl

QVQLQQSGGGSVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKGLEFVAAISPS
GGDRIYADSVKGRFTISRDNAGYFIYLQMNSLKPEDTARYYCAVRRRFDGTSYY
TGDYDSWGQGTLVTVSS

mut2

QVQLQQSGGGLVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKGREWVAAISP
SGGDRIYADSVKGRFTISRDNAGYFIYLQMNSLKPEDTARYYCAVRRRFDGTSY
YTGDYDSWGQGTLVTVSS

mut3

QVQLQQSGGGSVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKELEFVAAISPS
GGDRIYADSVKGRFTISRDNAGYFIYLQMNSLKPEDTARYYCAVRRRFDGTSYY
TGDYDSWGQGTLVTVSS

mut4

QVQLQQSGGGLVQAGGSLRLSCAASGGTFATSPMGWLRQAPGKGREFVAAISP
SGGDRIYADSVKGRFTISRDNAGYFIYLQMNSLKPEDTARYYCAVRRRFDGTSY
YTGDYDSWGQGTLVTVSS
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Genes of the human heavy chain hypervariable mut4VHH gene
domains, obtained from 550 donors

l l

human, VK/L mix CK MutdWHH
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B

VK1A/
EIVLTQSPASLSASVGDRVDITCQASOSINNKIAWYQQKPGKPPKVLIYAASKLP
TGVPSRESGSGSGTDFTLTISSLOAEDVATYYCLODYNWPWTFGAGTKLEIK

VK3c8
FIVLTOSPGTLSLSPGERATLSCRASQSVSSSYLAWYQOKPGQAPRLLIYDASSR
ATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCOQOYSYSPVTEFGQOGTKVEIK

VK3c18
FIVLTOSPGTLSLSPGERATLSCRASQSVSSSYLAWYQOKPGQOAPRLLIYGASSR
ATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCOOSYYYPVTEFGOGTKVEIK

VK4E12
DIQLTOSPSSLSASAGETASINCKSSOSVLYSSNNKNYLAWYQQOKPGQPPKLLIY
WASTRESGVPDREFSGSGSGTDFTLTISSLOSEDAAVYYCOQOGYSTPHTFEFGQGTKV
ETK
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116 kDa -
66.2 kDa o &= |
- T eoepwe=e-
45 kDa - P -
35 kDa -
D IR, e e D e - — —
18.4 kDa -
14.4 kDa —

Gel electrophoresis in 12% PAGE + B-ME

1) IgG1 control, 2.5 pg

2) Ferments unstained marker

3) 44V45T VHHIgG1c8 culture liquid before purification 10 pL
4) 44V45T VHHIgG1c8 culture liquid after purification 10 pLL
5) 44V45T VHHIgG1c8 5 pL

6) 44D45T VHHIgG1c8 5 uL

7) 44T45T VHHIgG1c8 5 pL

8) 44A45T VHHIgG1c8 5 uL

9) 44S45T VHHIgG1¢8 5 uL

10) 44V45V VHHIgG1c8 5 puL

11) 44D45V VHHIgG1c8 5 pL

12) 44A45V VHHIgG1c8 5 uL

13) 44T45V VHHIgG1c8 5 pL.
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116 kDa
66.2 kDa -
45 kDa -

Gel electrophoresis in 12% PAGE + B-ME

1) IgG1 control, 2.5 ug

2) IgG1 control, 5 pg

3) IgG1 control, 10 pg

4) Fermentos unstained PW marker
5) 44V45T VHHIgG1c8 5 pL
6) 44D45T VHHIgG1c8 5 uL
7) 44T45T VHHIgG1c8 5 pL
8) 44A45T VHHIgG1c8 5 L
9) 44S45T VHHIgG1¢8 5 uL
10) 44V45V VHHIgG1c8 5 uL
11) 44D45V VHHIgG1c8 5 pL
12) 44A45V VHHIgG1c8 5 uL
13) 44T45V VHHIgG1c8 5 pL.
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Dashed thick lines correspond to the combinations providing the maximum
balanced aggregation stability and functional activity values; Dashed thin lines
correspond to the suitable aggregation stability values with the high affinity

remained.
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------- Chromatographic profile obtained with the antibody before heating
-------- Chromatographic profile obtained with the antibody after heating

Protein concentrations were aligned and equaled 10 mg/mL in PBS
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