[image: C:\Users\Elaine.Scott\Documents\LaTex\____TEST____Frontiers_LaTeX_Templates_V2.5\Frontiers LaTeX (Science, Health and Engineering) V2.5 - with Supplementary material (V1.2)\logo1.jpg]		
		Supplementary Material

Supplementary Material
1	Supplementary Figures


SUPPLEMENTARY FIGURE S1 | Schematic illustration of the cloning strategy to generate a common light chain library in yeast with an elevated content of histidines. The backbone of the pYD-VL-CL plasmid is shown in light gray, the sequences of the framework regions in dark gray, the CDR L1 in red, the CDR L2 in blue and the CDR L3 in green. Primers and their respective orientation are illustrated as arrows. Histidine substitutions in the CDR-L1 are shown as blue asterisks, in the CDR-L3 as red asterisks. PCR reactions are numbered. The amplified full-length genes (illustrated in blue frames) carry purple overhangs at the 5’ end and dark green overhangs at the 3’ overhang for subsequent gap-repair. Overhangs for SOE-PCRs are illustrated as dotted lines. All sequences are orientated 5’3’.


SUPPLEMENTARY FIGURE S2 | Schematic depiction of yeast surface display for the isolation of pH-responsive, CEACAM5 specific Fab variants. The VH-CH1 domains (bright or dark blue, respectively) were N‑terminally fused to the Aga2p protein (brown) via a (GGGS)4 linker, while the Aga2p protein was connected to the Aga1p membrane protein (orange) via two disulfide bridges. The corresponding light chain (bright or dark green, respectively) was covalently bound to the heavy chain via a cystine. The surface presentation of the Fab was verified by staining with a ακappe-PE F(ab’)2 antibody (yellow). The binding to CEACAM5 (royal blue) was detected via an αHis antibody (grey) and a secondary αMouse-APC antibody (violet).

[image: ]
[bookmark: _GoBack]SUPPLEMENTARY FIGURE S3 | Cell binding of oaSEEDbodies comprising C5A and IGKV3‑15*01 or CV2 at different pH-values. Around 4 × 105 COLO 205 cells in 20 l were stained with 3 µg of C5A-based oaSEEDbodies at different pH-values. For pH 7.4 and pH 6.0 PBS was used, while phosphate-citrate buffer was utilized at pH 5.0. Cell staining was performed as previously described by Krah and coworkers (24). Binding of the oaSEEDbodies was verified utilizing an anti-human Fc PE-antibody. Target binding is plotted on the x-axis (PE-fluorescence), cell count on the y-axis.

2 Supplementary Tables
SUPPLEMENTARY TABLE S1 | Amino acid composition of drop-out media.
	Substance
	Concentration in media (mg/mL)

	L-Adenine hemisulfate
	40

	L-Arginine
	20

	L-Aspartic acid
	100

	L-Glutamic acid
	100

	L-Histidine
	20

	L-Lysine
	30

	L-Methionine
	20

	L-Phenylalanine
	50

	L-Serine
	375

	L-Threonine
	200

	L-Tryptophan
	40

	L-Tyrosine
	30

	L-Valine
	150

	Uracil
	20



SUPPLEMENTARY TABLE S2 | Oligonucleotides for the incorporation of histidines into the IGKV3-15*01 light chain. Mutations were incorporated either in the CDR-L1 or CDR-L3, respectively. The numbering refers to the Chothia numbering scheme. Mutagenesis sites are highlighted.
	Name
	Nucleotide sequence (5' --> 3')

	Position of histidine incorporation
	Orientation
	CDR
	Template
	

	24/25
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACGGATTGAGAATGATGACAAGACAATGTAGC

	24/26
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACGGATTGATGAGCATGACAAGACAATGTAGC

	24/27
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACGGAATGAGAAGCATGACAAGACAATGTAGC

	24/28
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACATGTTGAGAAGC
ATGACAAGACAATGTAGC

	24/29
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAATGGGATTGAGAAGCATGACAAGACAATGTAGC

	24/30
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAATGAACGGATTGAGAAGCATGACAAGACAATGTAGC

	24/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGAGAAACGGATTGAGAAGCATGACAAGACAATGTAGC

	24/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAAGAAACGGATTGAGAAGCATGACAAGACAATGTAGC

	24/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAAGAAACGGATTGAGAAGCATGACAAGACAATGTAGC

	24/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAAGAAACGGATTGAGAAGCATGACAAGACAATGTAGC

	25/26
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACGGATTGATGATG
TCTACAAGACAATGTAGC

	25/27
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACGGAATGAGAATGTCTACAAGACAATGTAGC

	25/28
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACATGTTGAGAATG
TCTACAAGACAATGTAGC

	25/29
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAATGGGATTGAGAATG
TCTACAAGACAATGTAGC

	25/30
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAATGAACGGATTGAGAATG
TCTACAAGACAATGTAGC

	25/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGAGAAACGGATTGAGAATG
TCTACAAGACAATGTAGC

	25/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAAGAAACGGATTGAGAATGTCTACAAGACAATGTAGC

	25/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAAGAAACGGATTGAGAATG
TCTACAAGACAATGTAGC

	25/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAAGAAACGGATTGAGAATGTCTACAAGACAATGTAGC

	26/27
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACGGAATGATGAGCTCTACAAGACAATGTAGC

	26/28
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACATGTTGATGAGC
TCTACAAGACAATGTAGC

	26/29
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAATGGGATTGATGAGCTCTACAAGACAATGTAGC

	26/30
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAATGAACGGATTGATGAGC
TCTACAAGACAATGTAGC

	26/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGAGAAACGGATTGATGAGC
TCTACAAGACAATGTAGC

	26/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAAGAAACGGATTGATGAGCTCTACAAGACAATGTAGC

	26/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAAGAAACGGATTGATGAGC
TCTACAAGACAATGTAGC

	26/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAAGAAACGGATTGATGAGC
TCTACAAGACAATGTAGC

	27/28
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAAACATGATGAGAAGC
TCTACAAGACAATGTAGC

	27/29
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAATGGGAATGAGAAGCTCTACAAGACAATGTAGC

	27/30
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAATGAACGGAATGAGAAGCTCTACAAGACAATGTAGC

	27/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGAGAAACGGAATGAGAAGCTCTACAAGACAATGTAGC

	27/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAAGAAACGGAATGAGAAGCTCTACAAGACAATGTAGC

	27/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAAGAAACGGAATGAGAAGCTCTACAAGACAATGTAGC

	27/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAAGAAACGGAATGAGAAGCTCTACAAGACAATGTAGC

	28/29
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAAGAATGATGTTGAGAAGC
TCTACAAGACAATGTAGC

	28/30
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAATGAACATGTTGAGAAGC
TCTACAAGACAATGTAGC

	28/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGAGAAACATGTTGAGAAGC
TCTACAAGACAATGTAGC

	28/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAAGAAACATGTTGAGAAGCTCTACAAGACAATGTAGC

	28/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAAGAAACATGTTGAGAAGC
TCTACAAGACAATGTAGC

	28/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAAGAAACATGTTGAGAAGC
TCTACAAGACAATGTAGC

	29/30
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTAGAATGATGGGATTGAGAAGC
TCTACAAGACAATGTAGC

	29/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGAGAATGGGATTGAGAAGCTCTACAAGACAATGTAGC

	29/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAAGAATGGGATTGAGAAGCTCTACAAGACAATGTAGC

	29/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAAGAATGGGATTGAGAAGCTCTACAAGACAATGTAGC

	29/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAAGAATGGGATTGAGAAGCTCTACAAGACAATGTAGC

	30/31
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAGTTATGATGAACGGATTGAGAAGC
TCTACAAGACAATGTAGC

	30/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGAGAATGAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	30/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTAGAATGAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	30/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTAGAATGAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	31/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGATGAGAAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	31/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGGTTATGAGAAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	31/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAGTTATGAGAAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	32/33
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCATGATGAGAAGAAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	32/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGCAAATGAGAAGAAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	33/34
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAATGATGGTTAGAAGAAACGGATTGAGAAGCTCTACAAGACAATGTAGC

	24/31/32
	rev
	CDR1
	pYD-VL-CL
	GTTTTTGTTGATACCAAGCCAAATGATGAGAAACGGATTGAGAAGCATGACAAGACAATGTAGCTCTTTC

	89/90
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCATTACAACAATTGGCCATGGACTTTTGGTCAAG

	89/91
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAACATAACAATTGGCCATGGACTTTTGGTCAAG

	89/92
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAATACCATAATTGGCCATGGACTTTTGGTCAAG

	89/93
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAATACAACCATTGGCCATGGACTTTTGGTCAAG

	89/94
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAATACAACAATCATCCATGGACTTTTGGTCAAG

	89/95
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAATACAACAATTGGCATTGGACTTTTGGTCAAG

	89/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAATACAACAATTGGCCACATACTTTTGGTCAAG

	89/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCATCAATACAACAATTGGCCATGGCATTTTGGTCAAG

	90/91
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATCATAACAATTGGCCATGGACTTTTGGTCAAG

	90/92
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATTACCATAATTGGCCATGGACTTTTGGTCAAG

	90/93
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATTACAACCATTGGCCATGGACTTTTGGTCAAG

	90/94
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATTACAACAATCATCCATGGACTTTTGGTCAAG

	90/95
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATTACAACAATTGGCATTGGACTTTTGGTCAAG

	90/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATTACAACAATTGGCCACATACTTTTGGTCAAG

	90/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACATTACAACAATTGGCCATGGCATTTTGGTCAAG

	91/92
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAACATCATAATTGGCCATGGACTTTTGGTCAAG

	91/93
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAACATAACCATTGGCCATGGACTTTTGGTCAAG

	91/94
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAACATAACAATCATCCATGGACTTTTGGTCAAG

	91/95
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAACATAACAATTGGCATTGGACTTTTGGTCAAG

	91/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAACATAACAATTGGCCACATACTTTTGGTCAAG

	91/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAACATAACAATTGGCCATGGCATTTTGGTCAAG

	92/93
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACCATCATTGGCCATGGACTTTTGGTCAAG

	92/94
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACCATAATCATCCATGGACTTTTGGTCAAG

	92/95
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACCATAATTGGCATTGGACTTTTGGTCAAG

	92/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACCATAATTGGCCACATACTTTTGGTCAAG

	92/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACCATAATTGGCCATGGCATTTTGGTCAAG

	93/94
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACCATCATCCATGGACTTTTGGTCAAG

	93/95
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACCATTGGCATTGGACTTTTGGTCAAG

	93/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACCATTGGCCACATACTTTTGGTCAAG

	93/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACCATTGGCCATGGCATTTTGGTCAAG

	94/95
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATCATCATTGGACTTTTGGTCAAG

	94/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATCATCCACATACTTTTGGTCAAG

	94/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATCATCCATGGCATTTTGGTCAAG

	95/96
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATTGGCATCATACTTTTGGTCAAG

	95/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATTGGCATTGGCATTTTGGTCAAG

	96/97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATTGGCCACATCATTTTGGTCAAG

	97
	for
	CDR3
	pYD-VL-CL
	GCTGTTTACTACTGCCAACAATACAACAATTGGCCATGGCATTTTGGTCAAGGTACTAAGG



SUPPLEMENTARY TABLE 3 | Primer sequences for cloning.

	Name
	Nucleotide sequence (5' --> 3')

	PstI
	for
	pYD-VL-CL
	CATTTTCAATTAAGACCATGAGATTTCCTTCAATTTTTACTGCAGTTTTATTC

	SacI
	rev
	pYD-VL-CL
	CTATTAACACTCTCCCCTGTTGAAGCTCTTTGTGACGGGCGAG

	Fr2
	for
	pYD-VL-CL
	TGGTATCAACAAAAACCAGGTCAAGCTCCAAGATTATTG

	CDR1
	rev
	pYD-VL-CL
	AGCCAAGTTAGAAGAAACGGATTGAGAAGCTCTACAAGAC

	Fr3
	rev
	pYD-VL-CL
	GCAGTAGTAAACAGCGAAATCTTCGGATTGCAATG

	CDR3
	for
	pYD-VL-CL
	CAACAATACAACAATTGGCCATGGACTTTTGGTCAAGG

	pTT5 seq
	for
	pTT5-VL-CL
	CTGCGCTAAGATTGTCAGT

	I CLC to pTT5
	for
	pTT5-VL-CL
	GCTGCCTGTCAGACTGCTGGTGCTGATGTTCTGGATTCCCGCCAGCCTGAGCGAAATCGTCATGACTCAATC

	II CLC to pTT5
	for
	pTT5-VL-CL
	GTTTAAACGGATCTCTAGCGAATTCGCGGTCGCCACCATGAAGCTGCCTGTCAGACTGC

	Fr3 EcoRI mut
	for
	pTT5-VL-CL
	CTGGTTCAGGTACTGAGTTCACCTTGACTATC

	Fr3 EcoRI mut
	rev
	pTT5-VL-CL
	GATAGTCAAGGTGAACTCAGTACCTGAACCAG

	CLC to pTT5
	rev
	pTT5-VL-CL
	AGAGGTCGAGGTCGGGGGATCCTCATCAACACTCTCCCCTGTTGAAGC
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