Co-Immobilization of SpyTag-Cyclized Enzymes
on a YPFD-SpyCatcher Hydrogel to Address
Broad Specificity

Ming-Yue Huang !, Qing-Yi Su !, Tao Wei 2 and Fu-Xing Niu 13*

1 Guangxi Key Laboratory for Green Processing of Sugar Resources, Guangxi University of Science and
Technology, Liuzhou 545006, China; 100002482@gxust.edu.cn (M.-Y.H.);
20250401031@stdmail.gxust.edu.cn (Q.-Y.S.)
2 Department of Bioengineering, College of Food Science, South China Agricultural University,
Guangzhou 510640, China; weitao@scau.edu.cn
3 State Key Laboratory of Non-Food Biomass Energy Technology, Nanning 530000, China
Correspondence: niufx3@gxust.edu.cn
Email:
Fu-Xing Niu: niufx3@gxust.edu.cn
Qing-Yi Su: 2025040103 1 @stdmail.gxust.edu.cn
Tao Wei: weitao@scau.edu.cn
Ming-Yue Huang: 100002482 @gxust.edu.cn
*Correspondence author: Fu-Xing Niu: Guangxi Key Laboratory for Green Processing of
Sugar Resources, Guangxi University of Science and Technology, Liuzhou 545006, China.

State Key Laboratory of Non-Food Biomass Energy Technology, Nanning 530000, China.

*Email address: 100002482 @gxust.edu.cn



Supplementary Table S1 Sequence of enzymes used in this study

Name

Sequence

SpyCatcher

SpyTag

¥PFD

ispA

PS

gdsathikfskrdedgkelagatmelrdssgktistwisdgqvkdfylypgkytfvetaapdgyevatai

tftvneqgqvtvng

mahivmvdaykpt

mvnevidineavrayiaqieglraeigrldatiatirgslatlkslktlgegktvlvpvgsiagvemkvek

mdkvvvsvggnisaeleyeealkyiedeikklltfrlvleqaiaelyakiedliacaqqtseeekaceeen

eckae

mdfpqqleacvkqangqalsrfiaplpfqntpvvetmqygallggkrlrpflvyatghmfgvstntldap

aaavecihayslihddlpamddddlrrglptchvkfgeanailagdalqtlafsilsdadmpevsdrdris

miselasasgiagmcggqaldldaegkhvpldalerihrhktgaliraavrigalsagdkgrralpvldk

yaesiglafqvqddildvvgdtatlgkrqgadqqlgkstypallgleqarkkardliddargslkqlaeqsl

dtsalealadyiiqrnk

gpgslqrnglqqgtsnqrfgthvgngitvtvlvavvertcnvecvffsadwnvniwlqqfpvqafdyv

gdhrvnvigsvifrhtwvvthitrngrgfttastvrfvatgvatqtqnsarqvvqfrrkvhflgnmirerni

hsqdrlgsadtmaarnftvfvvfikgrqipgrnpasllhvrvdvrfpclarigqgvtalslfsltghfihgv

vnsniyathvlwqainarrvpafthsggeqfqfvygaegvvhivghgdqvtgfceaqtetavirfksda

arkrivfnvtvsaeghfretgflppayqrfqltflkgledvkfqfrqfqeffglnirlsvfcilpenlnivtsfq

trqvsvptvighiadfaaqrgdrdflqclfqifggknfcfihdffarkenqrrakqv*natdffvgldvfra

gelailtfecfedirghrvamqtqgtqagsgavqvgydrltttpnavltpvrvyvvgsafdfifemtvda

qtfqgiydpqaldqvvqgrahqltifqgthavehvlyftdkffrtfqvgfflvegrqridhvvvpkvrvkitht

tthavvghngsgrhgdarsdrfatatrttrsfef




HpaBC

TAL

Mgsshhhhhhssglvprgshmasmahivmvdaykptkgsggsgmkpedfrastqrpftgeeylk

slqdgreiyiygervkdvtthpafrnaaasvaqlydalhkpemqdslewntdtgsggythkffrvaksa

ddlrqqrdaiaewsrlsygwmgrtpdykaafgcalganpgfygqfeqnarnwytrigetglyfnhaiv

nppidrhlptdkvkdvyikleketdagiivsgakvvatnsalthynmvgfgsaqvmgenpdfalmfv

apmdadgvklisrasyemvagatgspydyplssrfdendailvmdnvlipwenvliyrdfdrcrrwt

meggfarmyplqacvrlavkldfitallkkslectgtlefrgvqadlgevvawrntfwalsdsmcseatp

wvngaylpdhaalqtyrvlapmayakikniiernvtsgliylpssardlnnpqidqylakyvrgsngm

dhvqrikilklmwdaigsefggrhelyeinysgsqdeirlqclrqagssgnmdkmmamvdrclsey

dgngwtvphlhnnddinmldkllkgsggsgmqldeqrirfrdamaslsaavniittegdtgqcgitata

vesvtdtppslmvcinansamnpvfqgngklcvnvinheqelmarhfagmtgmameerfslscwq

kgplagpvlkgslaslegeirdvqaigthlvylveikniilsaeghgliyfkrrthpvmlemeaai*

Maprptsqnqtrtcpttqvtqvdivekmlaaptdstleldgysinlgdvvsaarkgrpvrvkdsdeirsk

idksveflrsqlsmsvygvttgfggsadtrtedaislgkallehqlcgvlpsstdsfrigrglenslplevvr

gamtirvnsltrghsavrlvvlealtnflnhgitpivplrgtisasgdlsplsyiaaaisghpdskvhvvheg

kekilyareamalfnlepvvigpkeglglvngtavsasmatlalhdahmlisllsgsltamtveamvgh

agsthpflhdvtrphptqievagnirkllegsrfavhheeevkvkddegilrqdryplrtspqwlgplvs

dlihahavltieaggsttdnplidvenktshhggnfqaaavantmektrlglaqigkInftqltemlnag

mnrglpsclaaedpslsyhckgldiaaaaytselghlanpvtthvgpaemanqgavnslalisarrttesn

dvlslllathlycvlqaidlraivfetkkqfgpaivslidghfgsamtgsnirdelvekvnktlakrleqtns

ydlvprwhdafsfaagtvvevlsstslslaavnawkvaaaesaisltrqvretfwsaastsspalsylsprt

qilyafvreelgvkarrgdvflgkqevtigsnvskiyeaiksgrinnvllkmla*




4CL Mapgeqavsqvmekgsnnnnsdvifrsklpdiyipnhlslhdyifgnisefatkpclingptghvyty
sdvhvisrqiaanthklgvngndvvmlllpncpetvisflaasfrgatataanpfttpaeiakqakasntk
liitearyvdkikplgnddgvvivciddnesvpipegclrfteltgstteasevidsveispddvvalpyss
gttglpkgvmlthkglvtsvaqqvdgenpnlyfhsddvilcvlpmthiyalnsimlcglrvgaailimp
kfeinllleligrckvtvapmvppivlaiakssetekydlssirvvksgaaplgkeledavnakfpnaklg
qgygmteagpvlamslgfakepfpvksgacgtvvrnaemkivdpdtgdslsrngpgeicirghqim
kgylnnpaataetidkdgwlhtgdigliddddelfivdrlkelikykgfqvapaeleallighpditdvav
vamkeeaagevpvafvvkskdselseddvkqfvskqvvtykrinkvfftesipkapsgkilrkdlrak

langl*

A B

Supplementary Figure S1 SpyCatcher-mediated ¥PFD nanoscaffold hydrogel.
(A) Normal cells rupture without precipitating any water gel. (B) ¥PFD nanoscaffold protein

hydrogel.
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Supplementary Figure S2 SpyCatcher-mediated yPFD protein hydrogel viscoelastic

properties

(A) Time-dependent viscoelastic moduli (G” and G”). (B) Frequency sweep test (G’ and G”).

(C) Shear stress test (G” and G™).
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Supplementary Figure S3 HPLC chromatogram.

(A) The standard sample of caffeic acid. (B) The standard sample of DOPA. (C) The standard

Retention Time (min)

sample of Caffeoyl-CoA. (D) SpyTag-cycled HpaBC-TAL-4CL.




Supplementary Figure S4 Color contrast during the fermentation process.

(A) E. coli TYR containing pZEA-SpyTag- TAL- HpaBC-4CL-SpyTag and pZS-xPFD-
SpyCatcher. (B) E. coli TYR containing pZEA-SpyTag-HpaBC-TAL-4CL-SpyTag and pZS-
¥PFD-SpyCatcher. The color of the fermentation broth can be visually assessed to indicate a

significant residual DOPA based Figure 2B.



