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Table S1. Sequence information of all designed single-chain MagR variants 

No. Name 
Simplified 
structure 

Amino Acid Sequence 

1 
SctMag

R 

(GGGGS)2-
(MagR-D25)-
(GGGGS)2-

(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)2-

(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSAALTLTPSA
VQKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLE
YTKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEM
DYVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGS
GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSAALTLTPSA
VQKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLE
YTKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEM

DYVEDKLSSEFVFNNPNIKGTCGCGESFNI* 

2 E1-SCT 

(GGGGS)2-
(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)2-

(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSGGGGSAAL
TLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCNG
LSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQLT
LLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGESF

NIGGGGSGGGGSGGGGSAALTLTPSAVQKIKELLK
DKPEHVGVKVGVRTRGCNGLSYTLEYTKSKGDS
DEEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKLS
SEFVFNNPNIKGTCGCGESFNIGGGGSGGGGSAAL
TLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCNG
LSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQLT
LLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGESF

NI* 



3 E2-SCT 

(GGGGS)2-
(MagR-D25)-
(GGGGS)2-

(MagR-D25)-
(GGGGS)4-

(MagR-D25)-
(GGGGS)2-

(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSAALTLTPSA
VQKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLE
YTKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEM
DYVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGS
GGGGSGGGGSGGGGSAALTLTPSAVQKIKELLKD
KPEHVGVKVGVRTRGCNGLSYTLEYTKSKGDSD
EEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKLSS
EFVFNNPNIKGTCGCGESFNIGGGGSGGGGSAALT
LTPSAVQKIKELLKDKPEHVGVKVGVRTRGCNGL
SYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQLTL
LGTEMDYVEDKLSSEFVFNNPNIKGTCGCGESFNI

* 

4 E3-SCT 

(GGGGS)2-
(MagR-D25)-
(GGGGS)2-

(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)3-

(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSAALTLTPSA
VQKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLE
YTKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEM
DYVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGS
GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSGGGGSAAL
TLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCNG
LSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQLT
LLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGESF

NI* 

5 EA-SCT 

(GGGGS)2-
(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)4-

(MagR-D25)-
(GGGGS)3-

(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSGGGGSAAL
TLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCNG
LSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQLT
LLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGESF
NIGGGGSGGGGSGGGGSGGGGSAALTLTPSAVQK
IKELLKDKPEHVGVKVGVRTRGCNGLSYTLEYTK
SKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMDYV
EDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSGGG
GSGGGGSAALTLTPSAVQKIKELLKDKPEHVGVK
VGVRTRGCNGLSYTLEYTKSKGDSDEEVVQDGV
RVFIEKKAQLTLLGTEMDYVEDKLSSEFVFNNPNI



KGTCGCGESFNI* 

6 SCD 

(GGGGS)2-
(MagR-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQL
TLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGES

FNI* 

7 nSCT 

(GGGGS)2-
(MagR-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagR-D25)-

(AGDRTGPLG
EQKPLEDFQ)
-(MagR-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQL
TLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGES
FNIAGDRTGPLGEQKPLEDFQAALTLTPSAVQKIK
ELLKDKPEHVGVKVGVRTRGCNGLSYTLEYTKS
KGDSDEEVVQDGVRVFIEKKAQLTLLGTEMDYV
EDKLSSEFVFNNPNIKGTCGCGESFNIGSGPQQQP
SGTYLPIPKPAALTLTPSAVQKIKELLKDKPEHVGV
KVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQDG
VRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFNNP

NIKGTCGCGESFNI* 

8 S1F 

(MagR-FL)-
(GGGGS)2-

(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)2-

(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSAALTLTPSAVQKIKELLKDKPEHVGVKVGV
RTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFI
EKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKGT
CGCGESFNIGGGGSGGGGSGGGGSAALTLTPSAV

QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSAALTLTPSAVQKIKELLKDKPEHVGVKVGV
RTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFI



EKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKGT
CGCGESFNI* 

9 S2F 

(MagR-FL)-
(GGGGS)2-

(MagR-D25)-
(GGGGS)1-
(MagR-FL)-
(GGGGS)2-

(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSAALTLTPSAVQKIKELLKDKPEHVGVKVGV
RTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFI
EKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKGT
CGCGESFNIGGGGSMASSASSVVRATVRAVSKRKI
QATRAALTLTPSAVQKIKELLKDKPEHVGVKVGV
RTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFI
EKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKGT
CGCGESFNIGGGGSGGGGSAALTLTPSAVQKIKEL
LKDKPEHVGVKVGVRTRGCNGLSYTLEYTKSKG
DSDEEVVQDGVRVFIEKKAQLTLLGTEMDYVED

KLSSEFVFNNPNIKGTCGCGESFNI* 

10 E1F 

(MagR-FL)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)4-

(MagR-D25)-
(GGGGS)3-

(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSGGGGSAALTLTPSAVQKIKELLKDKPEHVG
VKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQD
GVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFNN
PNIKGTCGCGESFNIGGGGSGGGGSGGGGSGGGG
SAALTLTPSAVQKIKELLKDKPEHVGVKVGVRTR
GCNGLSYTLEYTKSKGDSDEEVVQDGVRVFIEKK
AQLTLLGTEMDYVEDKLSSEFVFNNPNIKGTCGC
GESFNIGGGGSGGGGSGGGGSAALTLTPSAVQKIK
ELLKDKPEHVGVKVGVRTRGCNGLSYTLEYTKS
KGDSDEEVVQDGVRVFIEKKAQLTLLGTEMDYV

EDKLSSEFVFNNPNIKGTCGCGESFNI* 



11 E2F 

(MagR-FL)-
(GGGGS)3-

(MagR-D25)-
(GGGGS)4-
(MagR-FL)-
(GGGGS)3-

(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSGGGGSAALTLTPSAVQKIKELLKDKPEHVG
VKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQD
GVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFNN
PNIKGTCGCGESFNIGGGGSGGGGSMASSASSVV
RATVRAVSKRKIQATRAALTLTPSAVQKIKELLKD
KPEHVGVKVGVRTRGCNGLSYTLEYTKSKGDSD
EEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKLSS
EFVFNNPNIKGTCGCGESFNIGGGGSGGGGSGGG
GSAALTLTPSAVQKIKELLKDKPEHVGVKVGVRT
RGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFIEK
KAQLTLLGTEMDYVEDKLSSEFVFNNPNIKGTCG

CGESFNI* 

12 F2D 
(MagR-FL)-
(GGGGS)2-

(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSAALTLTPSAVQKIKELLKDKPEHVGVKVGV
RTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFI
EKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKGT

CGCGESFNI* 

13 F3D 
(MagR-FL)-
(GGGGS)3-

(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGSG
GGGSGGGGSAALTLTPSAVQKIKELLKDKPEHVG
VKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQD
GVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFNN

PNIKGTCGCGESFNI* 

14 D2D 

(GGGGS)2-
(MagR-D25)-
(GGGGS)2-

(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSAALTLTPSA
VQKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLE
YTKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEM

DYVEDKLSSEFVFNNPNIKGTCGCGESFNI* 

15 FCD 

(MagR-FL)-
(GSGPQQQPS
GTYLPIPKP)-
(MagR-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGSGPQQ
QPSGTYLPIPKPAALTLTPSAVQKIKELLKDKPEHV



GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN

NPNIKGTCGCGESFNI* 

16 SDT 

(GGGGS)2-
(MagR-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagR-D25)-
(GGGGS)3-

(MagR-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagR-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQL
TLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGES
FNIGGGGSGGGGSGGGGSAALTLTPSAVQKIKELL
KDKPEHVGVKVGVRTRGCNGLSYTLEYTKSKGD
SDEEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKL
SSEFVFNNPNIKGTCGCGESFNIGSGPQQQPSGTY
LPIPKPAALTLTPSAVQKIKELLKDKPEHVGVKVG
VRTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRV
FIEKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKG

TCGCGESFNI* 

17 
SDT-
Q36E 

(GGGGS)2-
(MagRQ36E-

D25)-
(GSGPQQQPS
GTYLPIPKP)-

(MagRQ36E-
D25)-

(GGGGS)3-
(MagRQ36E-

D25)-
(GSGPQQQPS
GTYLPIPKP)-

(MagRQ36E-
D25) 

GGGGSGGGGSAALTLTPSAVEKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVEKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQL
TLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGES
FNIGGGGSGGGGSGGGGSAALTLTPSAVEKIKELL
KDKPEHVGVKVGVRTRGCNGLSYTLEYTKSKGD
SDEEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKL
SSEFVFNNPNIKGTCGCGESFNIGSGPQQQPSGTY
LPIPKPAALTLTPSAVEKIKELLKDKPEHVGVKVG
VRTRGCNGLSYTLEYTKSKGDSDEEVVQDGVRV
FIEKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKG

TCGCGESFNI* 

18 
SDT-
T70D 

(GGGGS)2-
(MagRT70D-

D25)-
(GSGPQQQPS
GTYLPIPKP)-

(MagRT70D-
D25)-

(GGGGS)3-
(MagRT70D-

D25)-

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYDKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYDKSKGDSDEEVVQDGVRVFIEKKAQL
TLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGES
FNIGGGGSGGGGSGGGGSAALTLTPSAVQKIKELL
KDKPEHVGVKVGVRTRGCNGLSYTLEYDKSKGD
SDEEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKL



(GSGPQQQPS
GTYLPIPKP)-

(MagRT70D-
D25) 

SSEFVFNNPNIKGTCGCGESFNIGSGPQQQPSGTY
LPIPKPAALTLTPSAVQKIKELLKDKPEHVGVKVG
VRTRGCNGLSYTLEYDKSKGDSDEEVVQDGVRV
FIEKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKG

TCGCGESFNI* 

19 
SDT-

Q36E/T
70D 

(GGGGS)2-
(MagRQ36E/T70

D-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagRQ36E/T70

D-D25)-
(GGGGS)3-

(MagRQ36E/T70

D-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagRQ36E/T70

D-D25) 

GGGGSGGGGSAALTLTPSAVEKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYDKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVEKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYDKSKGDSDEEVVQDGVRVFIEKKAQL
TLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGES
FNIGGGGSGGGGSGGGGSAALTLTPSAVEKIKELL
KDKPEHVGVKVGVRTRGCNGLSYTLEYDKSKGD
SDEEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKL
SSEFVFNNPNIKGTCGCGESFNIGSGPQQQPSGTY
LPIPKPAALTLTPSAVEKIKELLKDKPEHVGVKVG
VRTRGCNGLSYTLEYDKSKGDSDEEVVQDGVRV
FIEKKAQLTLLGTEMDYVEDKLSSEFVFNNPNIKG

TCGCGESFNI* 

20 SDT2.1 

(MagRQ36E-
FL)-

(GSGPQQQPS
GTYLPIPKP)-

(MagRQ36E-
D25)-

(GGGGS)3-
(MagRQ36E-

D25)-
(GSGPQQQPS
GTYLPIPKP)-

(MagRQ36E-
D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGSGPQQ
QPSGTYLPIPKPAALTLTPSAVEKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSGGGGSGGGGSAAL
TLTPSAVEKIKELLKDKPEHVGVKVGVRTRGCNG
LSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQLT
LLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGESF
NIGSGPQQQPSGTYLPIPKPAALTLTPSAVEKIKELL
KDKPEHVGVKVGVRTRGCNGLSYTLEYTKSKGD
SDEEVVQDGVRVFIEKKAQLTLLGTEMDYVEDKL

SSEFVFNNPNIKGTCGCGESFNI* 



21 SDT2.2 

(MagRQ36E-
FL)-

(GSGPQQQPS
GTYLPIPKP)-

(MagRQ36E-
D25)-

(GGGGS)1-
(MagRQ36E-

FL)-
(GSGPQQQPS
GTYLPIPKP)-

(MagRQ36E-
D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGSGPQQ
QPSGTYLPIPKPAALTLTPSAVEKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVFN
NPNIKGTCGCGESFNIGGGGSMASSASSVVRATV
RAVSKRKIQATRAALTLTPSAVEKIKELLKDKPEH
VGVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVV
QDGVRVFIEKKAQLTLLGTEMDYVEDKLSSEFVF
NNPNIKGTCGCGESFNIGSGPQQQPSGTYLPIPKPA
ALTLTPSAVEKIKELLKDKPEHVGVKVGVRTRGC
NGLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQ
LTLLGTEMDYVEDKLSSEFVFNNPNIKGTCGCGE

SFNI* 

22 2309A 

(GGGGS)2-
(MagRL95P/K108

F/N131S-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagRL95P/K108

F/N131S-D25)-
(GGGGS)3-

(MagRL95P/K108

F/N131S-D25)-
(GSGPQQQPS
GTYLPIPKP)-
(MagRL95P/K108

F/N131S-D25) 

GGGGSGGGGSAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQPTLLGTEMDYVEDFLSSEFVFN
NPNIKGTCGCGESFSIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCN
GLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQP
TLLGTEMDYVEDFLSSEFVFNNPNIKGTCGCGESF
SIGGGGSGGGGSGGGGSAALTLTPSAVQKIKELLK
DKPEHVGVKVGVRTRGCNGLSYTLEYTKSKGDS
DEEVVQDGVRVFIEKKAQPTLLGTEMDYVEDFLS
SEFVFNNPNIKGTCGCGESFSIGSGPQQQPSGTYLP
IPKPAALTLTPSAVQKIKELLKDKPEHVGVKVGVR
TRGCNGLSYTLEYTKSKGDSDEEVVQDGVRVFIE
KKAQPTLLGTEMDYVEDFLSSEFVFNNPNIKGTC

GCGESFSI* 

23 2309B 

(MagRL95P/K108

F/N131S-FL)-
(GSGPQQQPS
GTYLPIPKP)-
(MagRL95P/K108

F/N131S-D25)-
(GGGGS)1-

(MagRL95P/K108

F/N131S-FL)-
(GSGPQQQPS
GTYLPIPKP)-
(MagRL95P/K108

F/N131S-D25) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
QKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQPTLLGTEMD
YVEDFLSSEFVFNNPNIKGTCGCGESFSIGSGPQQ
QPSGTYLPIPKPAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQPTLLGTEMDYVEDFLSSEFVFN
NPNIKGTCGCGESFSIGGGGSMASSASSVVRATVR
AVSKRKIQATRAALTLTPSAVQKIKELLKDKPEHV
GVKVGVRTRGCNGLSYTLEYTKSKGDSDEEVVQ
DGVRVFIEKKAQPTLLGTEMDYVEDFLSSEFVFN
NPNIKGTCGCGESFSIGSGPQQQPSGTYLPIPKPAA
LTLTPSAVQKIKELLKDKPEHVGVKVGVRTRGCN



GLSYTLEYTKSKGDSDEEVVQDGVRVFIEKKAQP
TLLGTEMDYVEDFLSSEFVFNNPNIKGTCGCGESF

SI* 

24 2401A 

(MagRQ36E-
FL)-

(GGGGS)1-
(MagRQ36E-

FL)-
(GGGGS)1-
(MagRQ36E-

FL)-
(GGGGS)1-
(MagRQ36E-

FL) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGS

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGS

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD
YVEDKLSSEFVFNNPNIKGTCGCGESFNIGGGGS

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQLTLLGTEMD

YVEDKLSSEFVFNNPNIKGTCGCGESFNI* 

25 2401B 

(MagRQ36E/L95P

/K108F/N131S-
FL)-

(GGGGS)1-
(MagRQ36E/L95P

/K108F/N131S-
FL)-

(GGGGS)1-
(MagRQ36E/L95P

/K108F/N131S-
FL)-

(GGGGS)1-
(MagRQ36E/L95P

/K108F/N131S-FL) 

MASSASSVVRATVRAVSKRKIQATRAALTLTPSAV
EKIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEY
TKSKGDSDEEVVQDGVRVFIEKKAQPTLLGTEMD
YVEDFLSSEFVFNNPNIKGTCGCGESFSIGGGGSM
ASSASSVVRATVRAVSKRKIQATRAALTLTPSAVE
KIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEYT
KSKGDSDEEVVQDGVRVFIEKKAQPTLLGTEMD
YVEDFLSSEFVFNNPNIKGTCGCGESFSIGGGGSM
ASSASSVVRATVRAVSKRKIQATRAALTLTPSAVE
KIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEYT
KSKGDSDEEVVQDGVRVFIEKKAQPTLLGTEMD
YVEDFLSSEFVFNNPNIKGTCGCGESFSIGGGGSM
ASSASSVVRATVRAVSKRKIQATRAALTLTPSAVE
KIKELLKDKPEHVGVKVGVRTRGCNGLSYTLEYT
KSKGDSDEEVVQDGVRVFIEKKAQPTLLGTEMD

YVEDFLSSEFVFNNPNIKGTCGCGESFSI* 
Note： 
1.MagR-D25 refers to a truncated variant of MagR lacking the N-terminal 25 amino acid 
residues； 
2.MagR-FL refers to full-length MagR; 
3.The amino acid sequence shown in red denotes the engineered intermolecular linker. 

 



 

 
Supplementary Figure 1. Representative SDS–PAGE analysis of affinity-purified 25 single-chain 
MagR variants (corresponding to Table 1), showing the purity of each construct. The same 
prestained protein molecular weight marker was used throughout (Thermo Fisher Scientific, 
#26616). 



 

 
Supplementary Figure 2. Representative UV–vis absorption spectra of wild type MagR (WT-
MagR) and 25 single-chain MagR variants (corresponding to Table 1). (a) Spectra of WT-MagR and 
20 single-chain tetramers. The arrows indicate the UV-vis spectra of WT-MagR, SctMagR, and 
SDT-MagR, respectively. (b) Spectra of 5 single-chain dimers. All spectra were normalized to 
absorbance at 280 nm (A280). 



 

 
Supplementary Figure 3. Representative size-exclusion chromatography (SEC) profiles of wild 
type MagR (WT-MagR) and 25 single-chain MagR variants (corresponding to Table 1). (a) SEC 
profiles of WT-MagR and 19 single-chain tetramers (Construct 2401A was not analyzed by SEC 
due to insufficient expression yield). The arrows indicate the SEC profiles of WT-MagR, SctMagR, 
and SDT-MagR, respectively. (b) SEC profiles of 5 single-chain dimers. All runs were performed 
on a Superose 6 Increase 10/300 column (Cytiva, USA). 


