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Figure 1:

Nucleic acid sequence encoding B4 antibody heavy chain variable region (B4 VHO)
CAGGTGCAACTGCAGCAGCCTGGGGCTGAAGTGGTGAAGCCTGGGECTTCAGTGAGACTGTCCT
GCAAGACTTCTGGCTACACCTTCACCAGCAACTGGATGCACTEGOTGARGCAGAGGECCTGEACA
AGGCCTTGAGTGGATCCCAGAGATTIGATCCTTCTGATACTTATACTAACTACAATCARALGTTC
AAGGGCAAGGCCAAGTTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCGAACGTCAGCAGCC
TGACATCTGAGGACTCTGCGGTCTAT TACTGTGCAACACGETAGCAACCCTTACTACTATGCTAT
GGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:1)

Figure 2.

Nugcleic acid sequence encoding B4 antibody heavy chain variable region with codons for amino
acid substitutions K23E, G42D, K69E. and S85D (B4 VHv1)
CAGGTGCAACTGCAGCAGCCTGGGECTGAAGTGETCAAGCCTEGEGCTTCAGTGAGACTETCCT
GCGAGACTTCTGGCTACACCTTCACCAGCAACTGGATGCACTGEGTCARAGCAGAGGCCTCGACCA
AGGACTTGAGTGGATCGGAGAGATTGATCCTTCTGATAGTTATACTAACTACAATCAARAGTTC
AAGGGCAAGGCCGAATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGGALAGTCAGCGACT
TGACATCTGAGGACTCTGCGETCTATTACTGTGCAAGAGETAGCAACCCTTACTACTATCCTAT
GGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:2)

Figure 3:

Nucleic acid sequence encoding B4 antibody heavy chain variable region with codons for amino
acid substitutions K69E, and $85D (B4 VHv2)
CAGGTGCAACTGCAGCAGCCTGEGEGCTGAAGTGEGTCAAGCCTEGEGCTTCAGTGAGACTETCCT
GCAAGACTTCTGGCTACACCTTCACCAGCAACTGCGATGCACTGGETCGAAGCAGAGACCTGGACA
AGGACTTGAGTGGATCGCGAGAGATTGATCCTTCTGATAGTTATACTAACTACAATCARARAGTTC
AAGGGCAAGGCCGAATTGACTGTAGACAAATCCTCCAGCACAGCCTACATCGAAGTCAGCGALT
TGACATCTGAGGACTCTGCGGTCTATTACTGTGCARGAGGTAGCAACCCTTACTACTATGCTAT
GGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA(SEDQ ID NO:3)

Figure 4:

Nucleic acid sequence encoding B4 antibody heavy chain variable region with codons for amino
acid substitutions Q5SE, V12K, R19K, L20V. T24A, S85D. and S88A (B4 VHv3)
CAGGTGCARACTGGAGCAGCCTGGGECTGAAGTGAAGAAGCCTRGERGECTTCAGTGAAGGTGTCOT
GCAAGGCTTCTGGCTACACCTTCACCAGCAACTECATCGCACTGEETGAAGCAGACCCCTGGACA
AGGACTTGAGTGGATCGGAGAGATTGATCCTTCTGATAGTTATACTAACTACAATCARAAGTTC
AAGGGCAAGGCCAAGTTGACTGTAGACAAATCCTCCAGCACAGCCTACATCGAAGTCAGCCACT
TGACAGCTGAGGACTCTGCGETCTAT TACTGTGCAAGAGE TAGCAACCCT TACTACTATECTAT
GGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:4)
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Figure 5:

Nucleic acid sequence encoding B4 antibody heavy chain variable region with codons for amino
acid substitutions Q5E, R19K. L.20V, R40T, Q43K, K65D, S85D, S88A, and V93T (B4 VHv4)
CAGGTGCAACTGGAGCAGCCTGGGECTEAAGTGCTEGARGCCTEGEGGCTTCAGTGAAGGTGTCCT
GCAAGACTTCTGGCTACACCTTCACCAGCAACTGGATGCACTGGGTGAAGCAGACGCCTGGAAR
AGGACTTGACTEGATCGGAGAGATTGATCCTTCTGATAGTTATACTAACTACAATCAAARGTTC
GATGGCAAGGCCAAGTTGACTGTAGACAAATCCTCCAGCACAGCCTACATGGAAGTCAGCGALCC
TGACAGCTGAGGACTCTGCGACCTAT TACTGTGCAAGAGGTAGCAACCCTTACTACTATGCTAT
GEACTACTGGGGTCARGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:5)

Figure 6:

Nucleic acid sequence encoding B4 antibody heavy chain variable region with codons for amino
acid substitutions Q5E. V12K, R19K. L.20V. T24A, K38R, R40A, 043K, K65D, S85D, and
V93T (B4 VHvS)
CAGGTGCAACTGGAGCAGCCTGGGGCTGAAGTGAAGAAGCCTGGGGECTTCAGTGAAGGTGTCCT
GCAAGGCTTCTGGCTACACCTTCACCAGCAACTGGATGCACTGGGTCGAGACAGGCACCTGGAAR
AGGACTTGAGTGGATCGGAGAGATTGATCCTTCTGATAGTTATACTAACTACAATCAARAGTTC
GATGGCAAGGCCAAGTTGACTGTAGACAAATCCTCCAGCACAGCCTACATGGAAGTCAGCGACC
TGACATCTGAGGACTCTGCGACCTATTACTGTGCAAGAGGTAGCAACCCTTACTACTATGCTAT
GEACTACTGGEETCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:6)

Figure 7.

Nucleic acid sequence encoding B4 antibody heavy chain variable region with codons for amino
acid substitutions Q5E, R19K, L20V. K65D, S85D, and V93T (B4 VHv6)
CAGGTGCAACTGGAGCAGCCTGGEGCTGAAGTGGTCGAAGCCTGGGEECTTCACGTGAAGGETGTCCT
GCAAGACTTCTGGCTACACCTTCACCAGCAACTGGATGCACTGGGTGAAGCAGAGGCCTGGACA
AGGACTTGAGTGGATCGCGAGAGATTGATCCTTCTGATAGTTATACTAACTACAATCAARAAGTTC
GATGGCAAGGCCAAGTTGACTGTAGACAAATCCTCCAGCACAGCCTACATGGAAGTCAGCGACC
TGACATCTGAGGACTCTGUGACCTATTACTGTGCAAGAGGTAGCAACCCTTACTACTATGCTAT
GGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:7)

Figure 8:

Nucleic acid sequence encoding B4 antibody light chain variable region (B4 VK0)
CARATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGGTCACCATGA
CCTGCAGTGCCAGCTCAGGTETCAACTACATGCACTGGTACCAGCAGAAGCCAGGCACCTCCCC
CAAAAGATGGATTTATGACACATCCARACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGT
GEETCTEGGACCTCTTATTCTCTCACAATCAGCAGCATGGAGGCTGARGATGCTGCCACTTATT
ACTGCCATCACGCCAGGTACTTACACGTTCCGAGGGERGACCAAGCTGGAAATARAA (SEQ ID
NO:8)
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Figure 9:

Nucleic acid sequence encoding B4 antibody light chain variable region with codons for amino
acid substitutions V3A, S7E, and A54D (B4 VKvl)
CAAATTCCTCTCACCCAGGAGCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGGTCACCATGA
COTGCACTGCCACGCTCAGGTGTCAACTACATGCACTGGTATCAGCAGAAGCCAGGCACCTCCCC
CAARAGATCCGATTTATGACACATCCAAACTGGATTCTGGAGTCCCTGCTCGCTTCAGTGGCAGT
GGGTCTECECACCTCTTATTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATT
ACTGCCATCAGCGAGCTAGTTACACGTTCCCACGGCEGEGCACCAAGCTGGAAATRAARA (SEQ ID
NO:9)

Figure 10:

Nucleic acid sequence encoding B4 antibody light chain variable region with codons for aming
acid substitutions Q1D, I10T, M11L, and A54D (B4 VKv2)
GACATTETTCTCACCCAGTCTCCAGCAACTTTGTCTGCATCTCCAGGGGAGAAGGTCACCATGA
CCTETAGTGCCAGCTCAGGTGTCAACTACATGCACTGGTATCAGCAGAAGCCAGGCACCTCCCL
CAAAACATGCATTTATGACACATCCAAACTGGATTCTGGAGTCCCTGCTCGCTTCAGTGGCAGT
GEETCTGGGACCTCTTATTCTCTCACARTCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATT
ACTGCCATCAGCCAGETAGTTACACGTTCCGAGGGEEGACCARGCTGGARATARAR (SEQ ID
NO:10)

Figure 11:

Nucleic acid sequence encoding B4 antibody light chain variable region with codons for amino
acid substitutions [10T. M11L. VISA.  V29A_ and S75E (B4 VKv3)

CARATTCTTCTCACCCAGTCTCCAGCAACTTTGTCTGCATCTCCAGGGGAGARAGGCTACCATGA
CCTGCAGTGECCAGCTCAGETGCTAACTACATGCACTGGTACCAGCAGAAGCCAGGCACCTCCCC
CARAAGATGGATTTATGACACATCCAAACTGCGCTTCTGCAGTCCCTEGCTCGCTTCAGTGGCAGT
GGGTCTGGGACCTCTTATTCTCTCACAATCCAGAGCATGCGAGGCTGAAGATGCTGCCACTTATT
ACTGCCATCAGCGACGTAGTTACACGTTCCGAGGCGGGACCAAGCTGGARATARAA (SEQ ID
NO:11)

Figure 12:

Nucleic acid sequence encoding B4 antibody light chain variable region with codons for amino
acid substitutions 110T, M11L. V19A_ 851D, and L53T (B4 VKv4)

CARAATTGTTCTCACCCAGTCTCCAGCAACTTTGTCTGCATCTCCAGGGGAGAAGGCTACCATGA
CCTGTAGTGCCAGCTCAGGTGTCAACTACATGCACTGGTACCAGCAGAAGCCAGGCACCTCCCC
CAAAAGATGGATTTATGACACAGACAAAACGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGT
GGGTCTGCGGACCTCTTATTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATT
ACTGCCATCAGCGAGCGTAGTTACACGTTCGGAGGGGGGACCAAGCTGGAAATAARA (SEQ ID
NO:12)
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Figure 13:

Amino acid sequence of B4 antibody heavy chain variable region (B4 VH0)
OVOLQQOPGAEVVKPGASVRLSCKTSGYTFTSNWMHWVKQRPGQGLEWIGEIDPSDSYTNYNQKF
KGKAKLTVDKSSSTAYMEVSSLTSEDSAVYYCARGSNPYYYAMDYWGQGTSVTVSS (SEQ ID
NO:13)

Figure 14:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions K23E. G42D, K69E, and S85D (B4 VHv1)

QVOLOQPGAEVVKPGASVRLSCETSGY TFTSNWMHWVKQRPDOQGLEWIGEIDPSDSYTNYNQKF
KGKAELTVDKSSSTAYMEVSDLTSEDSAVYYCARGSNPYYYAMDYWGQGTSVTVSS (SEQ ID
NC:14)

Figure 15:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions K69E, and S85D (B4 VHv2)

QVQLQQOPGAEVVKPGASVRLSCKTSGY TFTSNWMHWVEQRPGQOGLEWIGEIDPSDSYTNYNQKF
KGKAELTVDKSSSTAYMEVSDLTSEDSAVYYCARGSNPYYYAMDYWGQGTSVTVSS (SEQ ID
NO:15)

Figure 16:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions Q5E. V12K, R19K. L.20V. T24A, S85D, and S88A (B4 VHv3)

QVOLEQPGAEVKKPGASVKVSCKASGYTFTSNWMHWVKQRPGOGLEWIGEIDPSDSYTNYNQKF
KGKAKLTVDKSSSTAYMEVSDLTAEDSAVYYCARGSNPYYYAMDYWGQGTSVTVSS (SEQ ID
NO:16)

Figure 17:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions Q5E, R19K, 1.20V, R40T, Q43K, K65D, S85D, S88A, and VI3T (B4 VHv4)
QVOLEQPGAEVVKPGASVKVSCKTSGY TFTSNWMHWVEQTPGKGLEWIGEIDPSDSYTNYNQKE
DGKAKLTVDKSSSTAYMEVSDLTAEDSATYYCARGSNPYYYAMDYWGQGTSVTVSS (SEQ ID
NO:17)

Figure 18;

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions Q5E. V12K. RI19K, L20V, T24A. K38R, R40A, Q43K, K65D. S85D. and V93T
(B4 VHv5)

QVOLEQPGAREVKKPGASVKVSCKASGY TFTSNWMHWVROAPGKGLEWIGEIDPSDSYTNYNQKE
DEKAKLTVDKSSSTAYMEVSDLTSEDSATYYCARGSNPYYYAMDYWGQGTSVTIVSS (SEQ ID
NO: 18)
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Figure 19:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions Q5E, R19K., L20V, K65D, S85D, and V93T (B4 VHv6)
QVQLEQPGAEVVKPGASVKVSCKTSGYTFTSNWMHWVKQRPGOGLEWIGEIDPSDSYTNYNQKF
DEKAKLTVDKSSSTAYMEVSDLTSEDSATYYCARGSNPYYYAMDYWGQGTSVTIVSS (SEQ ID
NO:19)

Figure 20:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions V12K, K23E, G42D, K65D, K69E, and S85D (B4 VHvI 1)
QVOLOQPGAEVKKPGASVRLSCETSGY TFTSNWMHWVEQRPDQGLEWIGEIDPSDSYTNYNQKEY
DEKAELTVDKSSSTAYMEVSDLTSEDSAVYYCARGSNPYYYAMDYWGEQGTSVTVSS (SEQ ID
NO:20)

Figure 21:

Amino acid sequence of B4 antibody heavy chain variable region with codons for amino acid
substitutions Q5E, V12K, R19K, L20V, T24A, R40T, Q43K, K65D. S85D, S88A. and V93T
(B4 VHv34)

QVOLEQPGAEVKKPGASVKVSCKASGY TFTSNWMHWVKQTPGKGLEWIGEIDPSDSYTNYNQKE
DGKAKLTVDKSSSTAYMEVSDLTAEDSATYYCARGSNPYYYAMDYWGQGTSVTVSS (SEQ 1ID
NO:21)

Figure 22:

Amino acid sequence of B4 antibody heavy chain framework region 1 with variable amino acid

residues X5, X12, X19, X20, X23, and X24 (B4 VHfrl)
QVQLXQOPGAEVXKPGASVXXSCXXSGYTFT(SEQ ID NO:22)

Figure 23:

Amino acid sequence of B4 antibody heavy chain framework region 2 with variable amino acid

residues X3, X5, X7, and X8 (B4 VH{r2)
WVXQXPXAGLEWIG (SEQ ID NO:23)

Figure 24:

Amino acid sequence of B4 antibody heavy chain framework region 3 with variable amino acid
residues X6, X10, X26. X29. and X34 (B4 VHfr3)
YNQKFXGKAXLTVDKSSSTAYMEVSXLTXEDSAXYYCAR (SEQ ID NQ:24)

Figure 25:

Amino acid sequence of B4 antibody light chain variable region (B4 VK0)
QIVLTQSPAIMSASPGEKVTMTCSASSGVNYMHWYQQKPGTSPXKRWIYDTSKLASGVPARFSGS
GSETSYSLTISSMEAEDAATYYCHORGEYTHFGCGCTKLEIK {(SEQ ID NO:25)
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Figure 26.

Amino acid sequence of B4 antibody light chain variable region with codons for amino acid
substitutions V3A, S7E. and A54D (B4 VKv1)
QIALTQEPAIMSASPGEKVTMTCSASSGVNYMHWYQQKPGTSPKRWIYDTSKLDSGVPARFSGS
GSGTSYSLTISSMEAEDAATYYCHQRGSYTFGGOTKLEIK (SEQ ID NO:26)

Fiqure 27:

Amino acid sequence of B4 antibody light chain variable region with codons for amino acid
substitutions Q1D, 110T, M11L., and A54D (B4 VKv2) ‘
DIVLTQSPATLSASPGEKVTMTCSASSGVNYMHWYQQOKPGTSPKRWIYDTSKLDSGVPARFSGS
GSETSYSLTISSMEAEDAATYYCHQRGSYTFGCGTKLEIK (SEQ ID NO:27)

Figure 28:

Amino acid sequence of B4 antibody light chain variable region with codons for amino acid
substitutions I10T, M11L. V19A, V29A, and S75E (B4 VKv3)

QIVLTQSPATLSASPGEKATMTCSASSGANYMHWYQQKPGTSPKRWIYDTSKLASGVPARFSGS
GSGTSYSLTIESMEAEDAATYYCHQRGSYTFGGGTKLEIK (SEQ ID NO:28)

Figure 29:.

Amino acid sequence of B4 antibody light chain variable region with codons for amino acid
substitutions 110T, M11L, V19A, S51D, and L33T (B4 VKv4)
OIVLTQSPATLSASPGEKATMTCSASSGVNYMHWYQOKPGTSPKRWIYDTDKTASGVPAREFSGS
GSGETSYSLTISSMEAEDAATYYCHQRGSYTEFGGGTKLEIK (SEQ ID NO:29)

Figure 30:

Amino acid sequence of B4 antibody light chain variable region with codons for aminoe acid
substitutions V3A, S7E, VI9A, A54D. and S75E (B4 VKv11)
QOIATLTQEPAIMSASPGEKATMTCSASSGVNYMHWYQOKPGTSPKRWIYDTSKLDSGVPARFSGS
GSGTSYSLTIESMEAEDAATYYCHORGSYTEFGGGTKLEIK (SEQ ID NO:30)

Figure 31:

Amino acid sequence of B4 antibody light chain variable region with codons for amino acid
substitutions 110T, M11L, VISA, V29A, S51D. L.53T, and S75E (B4 VKv34)

QIVLTQSPATLSASPGEKATMTCSASSGANYMHWYQQOKPGTSPKRWIYDTDKTASGVPARFSGS
GSGTSYSLTIESMEAEDAATYYCHQRGSYTFGGGTKLEIK (SEQ ID NO:31)

Figure 32:

Amino acid sequence of B4 antibody light chain framework repion 1 with variable amino acid
residues X1, X3, X7. X10, X11 and X19 (B4 VK1irl)

XIXLTQXPAXXSASPGEKXTMTC(SEQ ID NO:32)
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Figure 33:

Amino acid sequence of B4 antibody light chain complementarity determining region 2 with
variable amino acid residues X3, X5, and X6 (B4 VKcdr2)
DTXKXXS (SEQ ID NO:33)

Figure 34:

Amino acid sequence of B4 antibody heavy chain variable region with underlined CDRs and

highlighted substitutable amino acids (B4 VH0) (SEQ ID NO:13)
1 QVQLQQOPGAEVVKPGASVRLSCKTSGYTETSNWMHWVKQRPGQGLEWIGEIDPSD B4 VHO
56 SYTNYNQKFKGKAKLTVDKSSSTAYMEVSSLTSEDSAVYYCARGSNPYYYAMDYW B4 VHO
111 GQGTSVTVSS B4 VHO

Figure 35:

Amino acid sequence of B4 antibody light chain variable region with underlined CDRs and
highlighted substitutable amino acids (B4 VKO) (SEQ ID NO:25)

1 QIVLTQOSPAIMSASPGEKVTMTCSASSGVNYMHWYQQKPGTSPKRWIYDTSKLAS B4 VKO
56 GVPARFSGSGSGTSYSLTISSMEAEDAATYYCHQRGSYTFGGGTKLEIK B4 VKO

Figure 36:

Alignment of B4 antibody heavy chain variable region amino acid sequences

1 QVQLQQPGAEVVKPGASVRLSCKTSGYTFTSNWMHWVKQRPGQGLEWIGEIDPSD B4 VHO

I oo E.. oo, 5 B4 VHvl
e e e e i e e e e e e e e B4 VHv2

1 ....E...... K.o.o..o.. S B4 VHv3

1 KV, it i e L B4 VHv4

I ....E...... K...... KV. .. A, ... v L S B4 VHv5 1
........... 2 e S L s e

1 ....E...... K.oo.o... S T..Kioooiooivnh B4 VHv34

56 SYTNYNQKFKGKAKLTVDKSSSTAYMEVSSLTSEDSAVYYCARGSNPYYYAMDYW B4 VHO

596 L e Eovevennni oo, 5 B4 VHvl

56 b i e E.vr i iin v, D e B4 VHv2

< 5 B4 VHv3

56 ... .. 5 D..A.... . e e B4 VHv4

56 ... ..., D, e e e e D....... B B4 VHvS

56 ... ) 5 B4 VHvll

56 ... 0. D e e e e D..A. ... . i i e B4 VHv3A4

' SEQ ID NO:

111 GQGTSVIVSS B4 VHO 33
e B4 VHvl 14
11 ..., B4 VHv2 15
111 e B¢ VHv3 16
O B4 VHvd

111 i, B4 VHVS 113
.......... B4 VHv1l 20

1 B4 VHv34 21
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B4
B4
B4
B4
B4
B4

B4
B4
B4
B4
B4
B4

QIVLTQSPAIMSASPGEKVTMTCSASSGVNYMHWYQQKPGTSPKRWIYDTSKLAS B4
N N D.
D...ooae. Tl e et e e i i it i e s s D.
......... B T
......... B & S
S B e i i e e D.
......... TL.......A.........A ... iiiavrua...D.T
GVPARFSGSGSGTSYSLTISSMEAEDAATYYCHORGSYTFGGGTKLEIK
................... B e e e e
................... B e
................... B e

B4

VKO
VKvl
VKv2
VEv3
VEv4
VKvll
VEv34
SEQ

VKO
VKvi
VKv2
VEv3
VKv4
VKvlli
VKv34

ID NO:
25
26
27
28
29
30
31
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