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I. Sequential Selection and Polishing 
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191 

 

 

 

 



  

192 

 

 

 

 



  

193 

 

 

 

 

 



  

194 

 

CDR Kabat  Chothia  AbM Contact  

CDR-L1  L24--L34  L24--L34  L24--L34 L30--L36  

CDR-L2  L50--L56  L50--L56  L50--L56 L46--L55  

CDR-L3  L89--L97  L89--L97  L89--L97 L89--L96  

CDR-H1 

(Kabat Numbering1)  H31--H35B H26--H32..34 H26--H35B H30--H35B 

CDR-H1 

(Chothia Numbering2) H31--H35 H26--H32  H26--H35 H30--H35  

CDR-H2  H50--H65  H52--H56  H50--H58 H47--H58  

CDR-H3  H95--H102  H95--H102  H95--H102 H93--H101 
1 - Kabat et al. (1991), “Sequences of Proteins of Immunological Interest,” 5th Ed. Public Health Service, National 

Institutes of Health, Bethesda, MD 

2 - Al-Lazikani et al., (1997) JMB 273,927-948 
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VII. EXAMPLES 

 

Example 1: Methods for preparing an anti-CD3/anti-CD28 Fab conjugated oligomeric 

reagent comprising a streptavidin mutein. 
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Example 2: Activity Assessment of oligomerized anti-CD3 and anti-CD28 Fab fragments 

reversibly bound to streptavidin mutein oligomers. 
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Example 3: Selection and stimulation of T cells via column chromatography. 
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Example 4: Analysis of T cells during and after selection and stimulation via column 

chromatography. 
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Example 5: On-column selection of T cells from a cryopreserved apheresis starting 

sample. 

 

 

Example 6: Selection and stimulation of T cells using sequential or parallel columns. 
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Example 7: On-column selection and stimulation of T cells from concentrated blood. 

 

 

 



  

254 

 

Example 8: Selection of T cells directly from whole blood. 

 

 

 

Example 9: Selection and stimulation of T cells via column chromatography. 
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Example 10: Assessment of T cell Phenotype and Function in Engineered T cells Produced 

in the Presence of a Small Molecule mTOR Kinase Inhibitor. 
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Example 11: Assessment of phenotypic and functional properties of T cells engineered 

using a combined selection and on-column stimulation process. 
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Example 12: Selection and stimulation of T cells via column chromatography. 
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Example 13: Selection and stimulation of T cells via sequential column chromatography 

with multiple selection markers. 
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Example 14: Selection and stimulation of T cells using different heating configurations.  
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SEQUENCES 

No. Sequence Description 

1 DPSKDSKAQVSAAEAGITGTWYNQLGSTFIVTAGADGALTGTYESAVG

NAESRYVLTGRYDSAPATDGSGTALGWTVAWKNNYRNAHSATTWSG

QYVGGAEARINTQWLLTSGTTEANAWKSTLVGHDTFTKVKPSAASIDA

AKKAGVNNGNPLDAVQQ 

Streptavidin 

Species: Streptomyces 

avidinii 

UniProt No. P22629 

2 MetGluAlaGlyIleThrGlyThrTrpTyrAsnGlnLeuGlySerThrPheIleValThrAlaGly

AlaAspGlyAlaLeuThrGlyThrTyrGluSerAlaValGlyAsnAlaGluSerArgTyrValLe

uThrGlyArgTyrAspSerAlaProAlaThrAspGlySerGlyThrAlaLeuGlyTrpThrVal

AlaTrpLysAsnAsnTyrArgAsnAlaHisSerAlaThrThrTrpSerGlyGlnTyrValGlyGl

yAlaGluAlaArgIleAsnThrGlnTrpLeuLeuThrSerGlyThrThrGluAlaAsnAlaTrpL

ysSerThrLeuValGlyHisAspThrPheThrLysValLysProSerAlaAlaSer 

Minimal streptavidin 

Species: Streptomyces 

avidinii 

3 DPSKDSKAQVSAAEAGITGTWYNQLGSTFIVTAGADGALTGTYVTARG

NAESRYVLTGRYDSAPATDGSGTALGWTVAWKNNYRNAHSATTWSG

QYVGGAEARINTQWLLTSGTTEANAWKSTLVGHDTFTKVKPSAASIDA

AKKAGVNNGNPLDAVQQ 

Mutein Streptavidin 

Val44-Thr45-Ala46-Arg47 

Species: Streptomyces 

avidinii 

4 MetGluAlaGlyIleThrGlyThrTrpTyrAsnGlnLeuGlySerThrPheIleValThrAlaGly

AlaAspGlyAlaLeuThrGlyThrTyrValThrAlaArgGlyAsnAlaGluSerArgTyrValL

euThrGlyArgTyrAspSerAlaProAlaThrAspGlySerGlyThrAlaLeuGlyTrpThrVal

AlaTrpLysAsnAsnTyrArgAsnAlaHisSerAlaThrThrTrpSerGlyGlnTyrValGlyGl

yAlaGluAlaArgIleAsnThrGlnTrpLeuLeuThrSerGlyThrThrGluAlaAsnAlaTrpL

ysSerThrLeuValGlyHisAspThrPheThrLysValLysProSerAlaAlaSer 

Mutein Streptavidin 

Val44-Thr45-Ala46-Arg47 

Species: Streptomyces 

avidinii 

5 DPSKDSKAQVSAAEAGITGTWYNQLGSTFIVTAGADGALTGTYIGARG

NAESRYVLTGRYDSAPATDGSGTALGWTVAWKNNYRNAHSATTWSG

QYVGGAEARINTQWLLTSGTTEANAWKSTLVGHDTFTKVKPSAASIDA

AKKAGVNNGNPLDAVQQ 

Mutein Streptavidin 

Ile44-Gly45-Ala46-Arg47 

Species: Streptomyces 

avidinii 

6 MetGluAlaGlyIleThrGlyThrTrpTyrAsnGlnLeuGlySerThrPheIleValThrAlaGly

AlaAspGlyAlaLeuThrGlyThrTyrIleGlyAlaArgGlyAsnAlaGluSerArgTyrValLe

uThrGlyArgTyrAspSerAlaProAlaThrAspGlySerGlyThrAlaLeuGlyTrpThrVal

AlaTrpLysAsnAsnTyrArgAsnAlaHisSerAlaThrThrTrpSerGlyGlnTyrValGlyGl

yAlaGluAlaArgIleAsnThrGlnTrpLeuLeuThrSerGlyThrThrGluAlaAsnAlaTrpL

ysSerThrLeuValGlyHisAspThrPheThrLysValLysProSerAlaAlaSer 

Mutein Streptavidin 

Ile44-Gly45-Ala46-Arg47 

Species: Streptomyces 

avidinii 

7 Trp-Arg-His-Pro-Gln-Phe-Gly-Gly Streptavidin binding 

peptide, Strep-tag® 

8 WSHPQFEK Strep-tag® II 

9  His-Pro-Xaa Streptavidin Binding 

peptide 

Xaa is selected from 

Gln, Asp, and Met 

10 His-Pro-Gln-Phe Streptavidin-binding 

peptide 

11 Xaa1-Xaa2-His-Pro-Gln-Phe-Xaa3-Xaa4 Streptavidin-binding 

peptide 

Xaa1 is Trp, Lys or 

Arg; 

Xaa2 is any amino acid; 

Xaa3 is Gly or Glu 

Xaa4 is Gly, Lys or Arg 

12 -Trp-Xaa1-His-Pro-Gln-Phe-Xaa2-Xaa3-  Streptavidin-binding 

peptide 

Xaa1 is any amino acid; 

Xaa2 is Gly or Glu 

Xaa3 is Gly, Lys or Arg 

13  Trp-Ser-His-Pro-Gln-Phe-Glu-Lys-(Xaa)n-Trp-Ser-His-Pro-Gln-Phe-Glu-Lys-  Sequential modules of 

streptavidin-binding 

peptide 

Xaa is any amino acid; 

n is either 8 or 12 

14  Trp-Ser-His-Pro-Gln-Phe-Glu-Lys-(GlyGlyGlySer)n-Trp-Ser-His-Pro-Gln-

Phe-Glu-Lys 

Sequential modules of 

streptavidin-binding 

peptide 

n is 2 or 3 

15 SAWSHPQFEKGGGSGGGSGGGSWSHPQFEK Twin-Strep-tag 

16 SAWSHPQFEKGGGSGGGSGGSAWSHPQFEK Twin-Strep-tag 

17 WSHPQFEKGGGSGGGSGGGSWSHPQFEK Twin-Strep-tag 

18 WSHPQFEKGGGSGGGSWSHPQFEK Twin-Strep-tag 

19 WSHPQFEKGGGSGGGSGGSAWSHPQFEK Twin-Strep-tag 
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20 Tyr-Pro-Tyr-Asp-Val-Pro-Asp-Tyr-Ala HA-tag 

21 Tyr-Thr-Asp-Ile-Glu-Met-Asn-Arg-Leu-Gly-Lys VSV-G-tag 

22 Gln-Pro-Glu-Leu-Ala-Pro-Glu-Asp-Pro-Glu-Asp HSV-tag 

23 Ala-Ser-Met-Thr-Gly-Gly-Gln-Gln-Met-Gly T7 epitope 

24 Gln-Pro-Glu-Leu-Ala-Pro-Glu-Asp-Pro-Glu-Asp HSV epitope 

25 Glu-Gln-Lys-Leu-Ile-Ser-Glu-Glu-Asp-Leu Myc epitope 

26 Gly-Lys-Pro-Ile-Pro-Asn-Pro-Leu-Leu-Gly-Leu-Asp-Ser-Thr V5-tag 

27 EAGITGTWYNQLGSTFIVTAGADGALTGTYVTARGNAESRYVLTGRYD

SAPATDGSGTALGWTVAWKNNYRNAHSATTWSGQYVGGAEARINTQ

WLLTSGTTEENAGYSTLVGHDTFTKVKPSAAS 

Mutein Streptavidin 

Val44-Thr45-Ala46-Arg47 

and Glu117, Gly120, 

Tyr121 (mutein m1-9) 

Species: Streptomyces 

avidinii 

28 DPSKDSKAQVSAAEAGITGTWYNQLGSTFIVTAGADGALTGTYVTARG

NAESRYVLTGRYDSAPATDGSGTALGWTVAWKNNYRNAHSATTWSG

QYVGGAEARINTQWLLTSGTTEENAGYSTLVGHDTFTKVKPSAAS 

Mutein Streptavidin 

Val44-Thr45-Ala46-Arg47 

and Glu117, Gly120, 

Tyr121 (mutein m1-9) 

Species: Streptomyces 

avidinii 

29 AMQVQLKQSG PGLVQPSQSL SITCTVSGFS LTTFGVHWVR 

QSPGKGLEWL GVIWASGITD YNVPFMSRLS ITKDNSKSQV 

FFKLNSLQPD DTAIYYCAKN DPGTGFAYWG QGTLVTVSAG 

STKGPSVFPL APSSKSTSGG TAALGCLVKD YFPEPVTVSW 

NSGALTSGVH TFPAVLQSSG LYSLSSVVTV PSSSLGTQTY 

ICNVNHKPSN TKVDKKVEPK SCGSAWSHPQ FEKGGGSGGG 

SGGSAWSHPQ FEK 

Variable Heavy chain 

of Fab fragment 

m13B8.2 

30 AMDIQMTQSP ASLSASVGET VTFTCRASEM IYSYLAWYQQ 

KQGKSPQLLV HDAKTLAEGV PSRFSGGGSG TQFSLKINTL 

QPEDFGTYYC QAHYGNPPTF GGGTKLEIKR GIAAPSVFIF 

PPSDEQLKSG TASVVCLLNN FYPREAKVQW KVDNALQSGN 

SQESVTEQDS KDSTYSLSST LTLSKADYEK HKVYACEVTH 

QGLSSPVTKS FNRGECGS 

Variable Light chain of 

Fab Fragment m13B8.2 

31 Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala Ser Val 

Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr Thr Met His Trp 

Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile Gly Tyr Ile Asn Pro Ser Arg 

Gly Tyr Thr Asn Tyr Asn Gln Lys Phe Lys Asp Lys Ala Thr Leu Thr Thr Asp 

Lys Ser Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala 

Val Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly 

Gln Gly Thr Thr Leu Thr Val Ser Ser 

Variable Heavy chain 

of anti-CD3 antibody 

OKT3 

32 Gln Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly Glu Lys Val 

Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met Asn Trp Tyr Gln Gln 

Lys Ser Gly Thr Ser Pro Lys Arg Trp Ile Tyr Asp Thr Ser Lys Leu Ala Ser Gly 

Val Pro Ala His Phe Arg Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser 

Gly Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Ser Asn 

Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile Asn 

Variable Light chain of 

anti-CD3 antibody 

OKT3 

33 Leu Gln Gln Ser Gly Ala Glu Leu Val Lys Pro Gly Ala Ser Val Arg Leu Ser 

Cys Lys Ala Ser Gly Tyr Thr Phe Thr Glu Tyr Ile Ile His Trp Ile Lys Leu Arg 

Ser Gly Gln Gly Leu Glu Trp Ile Gly Trp Phe Tyr Pro Gly Ser Asn Asp Ile Gln 

Tyr Asn Ala Lys Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser 

Thr Val Tyr Met Glu Leu Thr Gly Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe 

Cys Ala Arg Arg Asp Asp Phe Ser Gly Tyr Asp Ala Leu Pro Tyr Trp Gly Gln 

Gly Thr Met Val Thr Val 

Variable Heavy chain 

of anti-CD28 antibody 

CD28.3 

34 Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser Val Ser Val Gly Glu Thr Val 

Thr Ile Thr Cys Arg Thr Asn Glu Asn Ile Tyr Ser Asn Leu Ala Trp Tyr Gln 

Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Ile Tyr Ala Ala Thr His Leu Val 

Glu Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Gln Tyr Ser Leu Lys 

Ile Thr Ser Leu Gln Ser Glu Asp Phe Gly Asn Tyr Tyr Cys Gln His Phe Trp 

Gly Thr Pro Cys Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg 

Variable Light chain of 

anti-CD28 antibody 

CD28.3 

35 His-Asn-His-Arg-His-Lys-His-Gly-Gly-Gly-Cys MAT tag 

36 Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala1 Thr Val 

Lys Ile Ser Cys Lys Val Ser Gly Phe Asn Ile Lys Asp Thr Tyr Ile His Trp Val 

Gln Gln Ala Pro Gly Lys Gly Leu Glu Trp Met Gly Arg Ile Asp Pro Ala Asn 

Asp Asn Thr Leu Tyr Ala Ser Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp 

Thr Ser Thr Asp Thr Ala Tyr65 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr 

Ala Val Tyr Tyr Cys Ala Arg Gly Tyr Gly Tyr Tyr Val Phe Asp His Trp Gly 

Gln Gly Thr Leu Val Thr Val Ser Ser 

Variable Heavy chain 

of huOKT8 

37 Asp Val Gln Ile Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val 

Thr Ile Thr Cys Arg Thr Ser Arg Ser Ile Ser Gln Tyr  Leu Ala Trp Tyr Gln Gln 

Lys Pro Gly Lys Val Pro Lys Leu Leu Ile Tyr Ser Gly Ser Thr Leu Gln Ser Gly 

Variable Light chain of 

huOKT8 
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Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser 

Ser Leu Gln Pro Glu Asp Val Ala Thr Tyr Tyr Cys Gln Gln His Asn Glu Asn 

Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys 

38 -PGGG-(SGGGG)5-P- Linker 

P is proline, G is 

glycine and S is serine 

39 GSADDAKKDAAKKDGKS Linker 

40 MLLLVTSLLLCELPHPAFLLIP GMCSFR alpha chain 

(amino acid) 

41 atgcttctcctggtgacaagccttctgctctgtgagttaccacacccagcattcctcctgatccca GMCSFR alpha chain 

(nucleic acid) 

42 MALPVTALLLPLALLLHA CD8 alpha signal 

peptide 

43 MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATNIKHFKNC

TSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPEN

RTDLHAFENLEIIRGRTKQHGQFSLAVVSLNITSLGLRSLKEISDGDVIIS

GNKNLCYANTINWKKLFGTSGQKTKIISNRGENSCKATGQVCHALCSP

EGCWGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHP

ECLPQAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLV

WKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGAL

LLLLVVALGIGLFM 

truncated epidermal 

growth factor receptor 

(tEGFR) 

44 RKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVAFRGDSFTHT

PPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEIIRGRTKQHG

QFSLAVVSLNITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLFGTS

GQKTKIISNRGENSCKATGQVCHALCSPEGCWGPEPRDCVSCRNVSRG

RECVDKCNLLEGEPREFVENSECIQCHPECLPQAMNITCTGRGPDNCIQ

CAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCTYG

CTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFM 

truncated epidermal 

growth factor receptor 

(tEGFR) 

45 VKQTLNFDLLKLAGDVESNPGP F2A 

46 QCTNYALLKLAGDVESNPGP E2A 

47 LEGGGEGRGSLLTCGDVEENPGPR T2A 

48 EGRGSLLTCGDVEENPGP T2A 

49 GSGATNFSLLKQAGDVEENPGP P2A 

50 ATNFSLLKQAGDVEENPGP P2A 

51 DYGVS CDR H1 

52 VIWGSETTYYNSALKS CDR H2 

53 YAMDYWG CDR H3 

54 HYYYGGSYAMDY CDR H3 

55 RASQDISKYLN CDR L1 

56 SRLHSGV CDR L2 

57 HTSRLHS CDR L2 

58 GNTLPYTFG CDR L3 

59 QQGNTLPYT CDR L3 

60 EVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWL

GVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAK

HYYYGGSYAMDYWGQGTSVTVSS 

VH 

61 DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIY

HTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFG

GGTKLEIT 

VL 

62 GSTSGSGKPGSGEGSTKG Linker 

63 gacatccagatgacccagaccacctccagcctgagcgccagcctgggcgaccgggtgaccatcagctgccgg

gccagccaggacatcagcaagtacctgaactggtatcagcagaagcccgacggcaccgtcaagctgctgatct

accacaccagccggctgcacagcggcgtgcccagccggtttagcggcagcggctccggcaccgactacagc

ctgaccatctccaacctggaacaggaagatatcgccacctacttttgccagcagggcaacacactgccctacacc

tttggcggcggaacaaagctggaaatcaccggcagcacctccggcagcggcaagcctggcagcggcgaggg

cagcaccaagggcgaggtgaagctgcaggaaagcggccctggcctggtggcccccagccagagcctgagc

gtgacctgcaccgtgagcggcgtgagcctgcccgactacggcgtgagctggatccggcagccccccaggaag

ggcctggaatggctgggcgtgatctggggcagcgagaccacctactacaacagcgccctgaagagccggctg

accatcatcaaggacaacagcaagagccaggtgttcctgaagatgaacagcctgcagaccgacgacaccgcc

atctactactgcgccaagcactactactacggcggcagctacgccatggactactggggccagggcaccagcgt

gaccgtgagcagc 

Sequence encoding 

scFv 

64 DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIY

HTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFG

GGTKLEITGSTSGSGKPGSGEGSTKGEVKLQESGPGLVAPSQSLSVTCT

VSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKD

NSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTV

SS 

scFv 

65 SYWMN CDR H1 

66 QIYPGDGDTNYNGKFKG CDR H2 
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67 KTISSVVDFYFDY CDR H3 

68 QQYNRYPYT CDR L3 

69 SYWMN CDR H1 

70 QIYPGDGDTNYNGKFKG CDR H2 

71 EVKLQQSGAELVRPGSSVKISCKASGYAFSSYWMNWVKQRPGQGLEW

IGQIYPGDGDTNYNGKFKGQATLTADKSSSTAYMQLSGLTSEDSAVYF

CARKTISSVVDFYFDYWGQGTTVTVSS 

VH 

72 DIELTQSPKFMSTSVGDRVSVTCKASQNVGTNVAWYQQKPGQSPKPLI

YSATYRNSGVPDRFTGSGSGTDFTLTITNVQSKDLADYFCQQYNRYPY

TSGGGTKLEIKR 

VL 

73 KASQNVGTNVA CDR L1 

74 SATYRNS CDR L2 

75 QQYNRYPYT CDR L3 

76 SYWMN CDR H1 

77 QIYPGDGDTNYNGKFKG CDR H2 

78 KTISSVVDFYFDY CDR H3 

79 GGGGSGGGGSGGGGS Linker 

80 EVKLQQSGAELVRPGSSVKISCKASGYAFSSYWMNWVKQRPGQGLEW

IGQIYPGDGDTNYNGKFKGQATLTADKSSSTAYMQLSGLTSEDSAVYF

CARKTISSVVDFYFDYWGQGTTVTVSSGGGGSGGGGSGGGGSDIELTQ

SPKFMSTSVGDRVSVTCKASQNVGTNVAWYQQKPGQSPKPLIYSATYR

NSGVPDRFTGSGSGTDFTLTITNVQSKDLADYFCQQYNRYPYTSGGGT

KLEIKR 

scFv 

81 ESKYGPPCPPCP spacer (IgG4hinge) (aa) 

Homo sapiens 

82 GAATCTAAGTACGGACCGCCCTGCCCCCCTTGCCCT spacer (IgG4hinge) (nt) 

homo sapiens 

83 ESKYGPPCPPCPGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDI

AVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSC

SVMHEALHNHYTQKSLSLSLGK 

Hinge-CH3 spacer 

Homo sapiens 

84 ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQ

EDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQV

SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTV

DKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK 

Hinge-CH2-CH3 

spacer 

Homo sapiens 

85 RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEK

EKEEQEERETKTPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVG

SDLKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSLW

NAGTSVTCTLNHPSLPPQRLMALREPAAQAPVKLSLNLLASSDPPEAAS

WLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPGSTTFWAWS

VLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDH 

IgD-hinge-Fc 

Homo sapiens 

86 Glu Val Val Val Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Exemplary IgG Hinge 

87 X1PPX2P 

X1 is glycine, cysteine or arginine  

X2 is cysteine or threonine 

Exemplary IgG Hinge 

88 Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Exemplary IgG Hinge 

89 Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Exemplary IgG Hinge 

90 ELKTPLGDTHTCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPEPKSC

DTPPPCPRCP 

Exemplary IgG Hinge 

91 Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Exemplary IgG Hinge 

92 Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Exemplary IgG Hinge 

93 Tyr Gly Pro Pro Cys Pro Pro Cys Pro Exemplary IgG Hinge 

94 Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Exemplary IgG Hinge 

95 FWVLVVVGGVLACYSLLVTVAFIIFWV CD28 (amino acids 

153-179 of Accession 

No. P10747) 

Homo sapien 

96 IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGV

LACYSLLVTVAFIIFWV 

CD28 (amino acids 

114-179 of Accession 

No. P10747) 

Homo sapiens 

97 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS CD28 (amino acids 

180-220 of P10747) 

Homo sapiens 

98 RSKRSRGGHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS CD28 (LL to GG) 

Homo sapiens 
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99 KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 4-1BB (amino acids 

214-255 of Q07011.1) 

Homo sapiens 

100 RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG

GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQG

LSTATKDTYDALHMQALPPR 

CD3 zeta 

Homo sapiens 

101 RVKFSRSAEPPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG

KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS

TATKDTYDALHMQALPPR 

CD3 zeta 

Homo sapiens 

102 RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG

GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQG

LSTATKDTYDALHMQALPPR 

CD3 zeta 

Homo sapiens 

103 GluAlaGlyIleThrGlyThrTrpTyrAsnGlnLeuGlySerThrPheIleValThrAlaGlyAla

AspGlyAlaLeuThrGlyThrTyrGluSerAlaValGlyAsnAlaGluSerArgTyrValLeuT

hrGlyArgTyrAspSerAlaProAlaThrAspGlySerGlyThrAlaLeuGlyTrpThrValAla

TrpLysAsnAsnTyrArgAsnAlaHisSerAlaThrThrTrpSerGlyGlnTyrValGlyGlyAl

aGluAlaArgIleAsnThrGlnTrpLeuLeuThrSerGlyThrThrGluAlaAsnAlaTrpLysS

erThrLeuValGlyHisAspThrPheThrLysValLysProSerAlaAlaSer 

Minimal streptavidin 

without initial 

methionine 

Species: Streptomyces 

avidinii 

104 GluAlaGlyIleThrGlyThrTrpTyrAsnGlnLeuGlySerThrPheIleValThrAlaGlyAla

AspGlyAlaLeuThrGlyThrTyrValThrAlaArgGlyAsnAlaGluSerArgTyrValLeuT

hrGlyArgTyrAspSerAlaProAlaThrAspGlySerGlyThrAlaLeuGlyTrpThrValAla

TrpLysAsnAsnTyrArgAsnAlaHisSerAlaThrThrTrpSerGlyGlnTyrValGlyGlyAl

aGluAlaArgIleAsnThrGlnTrpLeuLeuThrSerGlyThrThrGluAlaAsnAlaTrpLysS

erThrLeuValGlyHisAspThrPheThrLysValLysProSerAlaAlaSer 

Mutein Streptavidin 

Val44-Thr45-Ala46-Arg47 

without initial 

methionine 

Species: Streptomyces 

avidinii 

105 GluAlaGlyIleThrGlyThrTrpTyrAsnGlnLeuGlySerThrPheIleValThrAlaGlyAla

AspGlyAlaLeuThrGlyThrTyrIleGlyAlaArgGlyAsnAlaGluSerArgTyrValLeuTh

rGlyArgTyrAspSerAlaProAlaThrAspGlySerGlyThrAlaLeuGlyTrpThrValAlaT

rpLysAsnAsnTyrArgAsnAlaHisSerAlaThrThrTrpSerGlyGlnTyrValGlyGlyAla

GluAlaArgIleAsnThrGlnTrpLeuLeuThrSerGlyThrThrGluAlaAsnAlaTrpLysSe

rThrLeuValGlyHisAspThrPheThrLysValLysProSerAlaAlaSer 

Mutein Streptavidin 

Ile44-Gly45-Ala-46-

Arg47 without initial 

methionine 

Species: Streptomyces 

avidinii 

106 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSG

VHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKT

VERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS

HEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWL

NGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQV

SLTCLVKGFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTV

DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Human IgG2 Fc 

(Uniprot P01859) 

107 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSG

VHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKR

VESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDW

LNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQ

VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLT

VDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK 

Human IgG4 Fc 

(Uniprot P01861) 

108 GVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKMDSSRDRNKPFK

FMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIPPHA

TLVFDVELLKLE 

FKBP 

109 GVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKKVDSSRDRNKPFKF

MLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIPPHAT

LVFDVELLKLE 

FKBP12v36 

110 MGSNKSKPKDASQRRR Modified acylation 

motif 

111 Met-Gly-Cys-Xaa-Cys dual acylation motif 

112 Cys-Ala-Ala-Xaa acylation region 



  

272 

 

Claims 

 

1. A method of on-column stimulation of T cells, the method comprising: 

incubating, in a chromatography column, a sample comprising a plurality of T cells with 

one or more stimulatory agents to deliver a stimulatory signal in one or more T cells of the 

plurality of T cells, wherein: 

the chromatography column comprises a housing assembly for column chromatography, 

the housing assembly comprising: 

(i) an inlet housing member and an outlet housing member, wherein at least the 

inlet housing member and the outlet housing member form an internal cavity configured 

to house a stationary phase for column chromatography, wherein; 

the internal cavity comprises the stationary phase for column 

chromatography; and 

the stationary phase comprises an affinity chromatography matrix; 

(ii) a temperature control member configured to provide heat to the stationary 

phase in the internal cavity; and 

(iii) a connector configured to operably connect the internal cavity to a gas source, 

thereby permitting or effecting intake of gas into the internal cavity;  

 wherein the plurality of T cells are immobilized on the stationary phase; and  

after the initiation of the incubation, collecting the one or more T cells from the stationary 

phase, thereby generating an output composition comprising stimulated T cells. 

2. A method of on-column stimulation of T cells, the method comprising: 

(a) adding a sample comprising a plurality of T cells to an internal cavity  of a 

chromatography column, wherein: 

the chromatography column comprises a housing assembly for column chromatography, 

the housing assembly comprising: 

(i) an inlet housing member and an outlet housing member, wherein at least the 

inlet housing member and the outlet housing member form the internal cavity comprising 

a stationary phase for column chromatography; 
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(ii) a temperature control member configured to provide heat to the stationary 

phase in the internal cavity; and 

(iii) a connector configured to operably connect the internal cavity to a gas source, 

thereby permitting or effecting intake of gas into the internal cavity;  

 wherein the stationary phase comprises an affinity chromatography matrix comprising a 

selection agent that binds to a selection marker on the surface of one or more of the plurality of T 

cells, thereby immobilizing the one or more of the plurality of T cells on the stationary phase;  

(b) adding, to the stationary phase in the chromatography column, a stimulatory reagent 

comprising one or more stimulatory agent capable of delivering a stimulatory signal in one or 

more of the plurality of T cells, thereby initiating incubation of the stimulatory reagent with the 

one or more T cells; and 

(c) after the initiation of the incubation, collecting the one or more T cells from the 

stationary phase, thereby generating a composition comprising stimulated T cells. 

3. A method of on-column stimulation of T cells, comprising: 

(a) combining (i) a sample comprising a plurality of T cells and (ii) a stationary phase for 

column chromatography, the stationary phase comprises an affinity chromatography matrix and a 

selection agent capable of specifically binding to a selection marker expressed on the surface of 

one or more of the plurality of T cells, wherein specific binding of the selection agent to a 

selection marker effects the immobilization of the plurality of T cells on the stationary phase;  

(b) adding, to the stationary phase, a stimulatory reagent comprising one or more 

stimulatory agent capable of delivering a stimulatory signal in T cells, thereby initiating 

incubation of the stimulatory reagent with the one or more T cells, 

wherein the combining step and/or the adding step is performed inside or outside the 

internal cavity of a chromatography column, wherein: 

the chromatography column comprises a housing assembly for column 

chromatography, the housing assembly comprising: 

(i) an inlet housing member and an outlet housing member, wherein at 

least the inlet housing member and the outlet housing member form the internal 

cavity comprising the stationary phase for column chromatography; 

(ii) a temperature control member configured to provide heat to the 

stationary phase in the internal cavity; and 
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(iii) a connector configured to operably connect the internal cavity to a gas source, 

thereby permitting or effecting intake of gas into the internal cavity; and 

(c) after the initiation of the incubation, collecting the one or more T cells from the 

stationary phase, thereby generating a composition comprising stimulated T cells. 

4. The method of claim 1, wherein the stationary phase comprises an affinity 

chromatography matrix comprising a selection agent, wherein the selection agent of the 

stationary phase specifically binds to a selection marker on the surface of the plurality of T cells, 

wherein specific binding of the selection agent to the selection marker effects the immobilization 

of the plurality of T cells on the stationary phase. 

5. The method of any of claims 1-4, wherein at least one of the one or more 

stimulatory agents is capable of delivering a stimulatory signal through an ITAM-containing 

molecule in a T cell.  

6. The method of claim 5, wherein the at least one of the one or more stimulatory 

agents is capable of delivering a stimulatory signal through a TCR/CD3 complex. 

7. The method of claim 5 or claim 6, wherein the at least one of the one or more 

stimulatory agents is a first stimulatory agent and the one or more stimulatory agents further 

comprise one or more of a second stimulatory agent capable of specifically binding to a 

costimulatory molecule on the T cell. 

8. The method of claim 7, wherein the costimulatory molecule is CD28, CD90 (Thy-

1), CD95 (Apo-/Fas), CD137 (4-1BB), CD154 (CD40L), ICOS, LAT, CD27, OX40, or HVEM. 

9. The method of claim 7 or claim 8, wherein the first stimulatory agent specifically 

binds CD3 and the second stimulatory agent specifically binds CD28. 

10. The method of claim 9, wherein the first stimulatory agent comprises an antibody, 

antibody fragment, or proteinaceous binding molecule that binds to CD3 and the second 

stimulatory agent comprises an antibody, antibody fragment, or proteinaceous binding molecule 

that binds to CD28. 

11. The method of claim 10, wherein the first stimulatory agent is an anti-CD3 Fab 

and the second stimulatory agent is an anti-CD28 Fab. 

12. The method of any one of claims 7-11, wherein the first stimulatory agent and the 

second stimulatory agent, independently, further comprise a streptavidin-binding peptide. 

13. The method of any one of claims 1-12, wherein during at least a portion of the 

incubation, the temperature control member regulates the temperature of the stationary phase to a 

target temperature between 30°C and 39°C. 
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14. The method of claim 13, wherein the target temperature is at 37°C. 

15. The method of any one of claims 1-14, wherein during at least a portion of the 

incubation, the connector allows intake of gas into the internal cavity. 

16. The method of claim 15, wherein the gas is sterile and is or comprises air. 

17. The method of any of claims 1-16, wherein the housing assembly further 

comprising a side wall member, wherein the inlet housing member, the outlet housing member, 

and the side wall member form the internal cavity. 

18. The method any of claims 1-17, wherein:  

the inlet housing member comprises one or more inlets operably connected to the internal 

cavity to permit intake of an input composition into the internal cavity; and/or 

the outlet housing member comprises one or more outlets operably connected to the 

internal cavity to permit or effect discharge of an output composition from the internal cavity. 

19. The method of any one of claims 1-18, wherein the temperature control member 

comprises a heating element or a plurality of heating elements. 

20. The method of claim 19, wherein the heating element and/or at least one of the 

plurality of heating elements is an electric heating element. 

21. The method of claim 20, wherein the heating element is a metal plate, a metal rod, 

a metal wire, or a combination thereof.  

22. The method of claim 20 or claim 21, wherein the heating element and/or at least 

one of the plurality of heating elements is an electromagnetic induction heating element 

comprising an induction heating coil surrounding a magnetizable core configured to provide heat 

to the stationary phase in the internal cavity. 

23. The method of any one of claims 19-22, wherein the heating element and/or at 

least one of the plurality of heating elements is a non-electric heating element comprising a 

heating channel comprising an inlet and an outlet for a heated fluid. 

24. The method of claim 23, wherein the non-electric heating element comprises a 

heating coil. 

25. The method of claim 23 or claim 24, wherein the heated fluid is heated water. 

26. The method of any one of claims 19-25, wherein the heating element and/or at 

least one of the plurality of heating elements is disposed outside the internal cavity. 
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27. The method of any one of claims 19-26, wherein the heating element and/or at 

least one of the plurality of heating elements surrounds at least a portion of the inlet housing 

member, at least a portion of the outlet housing member, and/or at least a portion of the side wall 

member. 

28. The method of any one of claims 19-27, comprising a plurality of heating 

elements, wherein the plurality of heating elements are uniformly distributed around the 

circumference of the side wall member.  

29. The method of any one of claims 19-28, wherein the housing assembly further 

comprises a jacket member comprising the heating element or at least one of the plurality of 

heating elements, wherein the jacket member is configured to surround at least a portion of the 

inlet housing member, at least a portion of the outlet housing member, and/or at least a portion of 

the side wall member. 

30. The method of claim 29, wherein the jacket member is releasably connected 

together to surround the at least a portion of the inlet housing member, the at least a portion of 

the outlet housing member, and/or the at least a portion of the side wall member. 

31. The method of claim 29 or claim 30, wherein the jacket member is configured to 

entirely surround the side wall member. 

32. The method of any one of claims 1-31, wherein the stationary phase comprises a 

non-magnetic material, a non-ferromagnetic material, or non-paramagnetic material. 

33. The method of any of claims 4-32, wherein the selection agent comprises an 

antibody, antibody fragment, or proteinaceous binding molecule that specifically binds to the 

selection marker.   

34. The method of any of claims 4-33, wherein the selection agent comprises or is an 

anti-CD3 Fab, an anti-CD8 Fab, an anti-CD4 Fab, or an anti-CD27 Fab. 

35. The method of any of claims 4-34, wherein the selection agent is bound indirectly 

to the stationary phase through a selection reagent to which the selection agent reversibly binds. 

36. The method of any of claims 4-35, wherein the selection reagent comprises or is a 

mutein of streptavidin that reversibly binds a streptavidin-binding peptide. 

 

 


