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Abstract: Isopeptide bond-mediated molecular superglue is the irreversible covalent bond spontaneously formed by the side
chains of lysine (Lys) and asparagine/aspartic acid (Asn/Asp) residues. The peptide-peptide interaction is specific, stable, and
can be achieved quickly without any particular physicochemical factor. In the light of recent progress by domestic and foreign
researchers, here we summarize the origin, assembly system and mechanism of isopeptide bond reaction, as well as the
molecular cyclization and protein topological structure mediated by it. The prospect for its application in synthetic vaccine,
hydrogel and bacterial nanobiological reactor is further discussed.
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SO B, BESE N B NFR I EEER 1 S. pyogenes
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BTz R

isopeptag/pilin-C SnoopTag/



sen sarenpeensrwanmsee (R

A
Lys Asn

AN A~

Spontancous| 0]

./\/\,NH(\r,- +NH,

major pilin

e
Isopeptide bond

Isopeptide bond

1 REKENSHSHKEE"

Streptococcus pyogenes

Streptococcus pyogenes
CnaB2 domain

Split N-domain Split C-domain

Pilin-N  Isopeptag-N

Pilin-C  Isopeptag

Split domain
SpyTag

SpyCatcher

Engineer

Fig. 1 The generation of isopeptide bond-forming peptides™®!.
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10 pmol/L MWk FEHFATIR &, =4k
1 min (k=1.4x10%/(mol/L-s))%, T 4557 5 ik
PESE R R ITE BUE O, BFFE N GO T PR
N (ORI pH. R WA . Zofik) KA
JHR 1 LU 36t S R BRI B 5 o &5 SR S, Sk
(1) T8 B AN 5 S5 Bk (9 B AL PR 85, SpyTag A
SpyCatcher i kEEFE 25 'C . pH 7.0 IISF R IR
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U B3 B 2 e A By R B 9 A 7P,
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Table 1 Application of isopeptidebond-based molecular glue

Applications Targets/platforms Molecular glues Effects References
Enhanced Lichenase SpyTag/SpyCatcher Retained 80% of the initial activity [30]
thermostability after treatment at 100 °C for 10 min

Phytase SpyTag/SpyCatcher Retained 80% of the initial activity [9]
after treatment at 100 °C for 10 min
B-lactamase Pilin-C/Isopeptag Retained 60% of the initial activity [9]
SnoopTag/SnoopCatcher after treatment at 100 °C for 10 min
Retained 70% of the initial activity
after treatment at 100 °C for 10 min
Xylanase SpyTag/SpyCatcher Retained 67% of the initial activity [31]
after treatment at 100 °C for 10 min
Luciferase SpyTag/SpyCatcher Thermal inactivation value (Ts) [32]
increased by 10.1 °C
Protein topology Elastin-like protein (ELP)  SpyTag/SpyCatcher Circular, tadpole, star and H-shaped [20]
engineering ELP/p53dim SpyTag/SpyCatcher Cyclic monomers, catenanes and [33-34]
olypseudorotaxanes
Protein eGFP SpyTag/SpyCatcher 80% protein were captured within [35]
purification and Sortase A 10 min
Xylanase-lichenase-ELP SpyTag/SpyCatcher 95% protein were purified after [36]
chimera 2-cycles of inverse transition cycling
(ITC)
Phytase/p-lactamase SpyTag/SpyCatcher Heat-induced, simple and fast [32]
Synthetic vaccine Virus-like particles/ SpyTag/SpyCatcher Antibody response after only a single [21]
CIDR and Pfs25 Immunization without adjuvant
aDEC205-Sc-OVA8-ED3  SpyTag/SpyCatcher Efficient in inducing both T and B cell [37]
responses
Synthetic Folded globular domains SpyTag/SpyCatcher Soft, stable and biologically [38]
hydrogel (GB1 and Fnlll domain) compatible
B12-denpendent SpyTag/SpyCatcher Self-assemble in the dark and [39]
Light-sensing hydrogel disassemble rapidly on light exposure
Bacterial MS2 phage-based SpyTag/SpyCatcher 60% increase of indigo production in [40]
nanobiological  nanoreactor Vvivo
reactor Enhanced long-term enzymatic
stability by 90% after 7 d in vitro
OmpA-based outer SpyTag/SpyCatcher Phosphotriesterase-loaded OMVs [41]

Membrane vesicles (OMVs)

improved the enzyme production and
stability against freezing and thawing

Biofilm integrated nanofiber SpyTag/SpyCatcher Versatile platform for stable and [42]
display (BIND) highly efficient immobilization
4 ETRREITHEANEIEN T g

21 R LIk, AW RN 4 Ak 2 B S
TRKEIE, Rifi, BRI ESFHRFH. R
S AR AR RN NS A % 4 TR B 4 T AT A
N R RN 45 A e B i< AT B~ S S 2
SpyTag/SpyCatcher &Pt A (Elastin-like
proteins, ELPs), ik 1 B#iFh 454 1 & $efit
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Jb 5K 5k SCHE IR 58 BB SpyTag Ml
SpyCatcher J& M4 A Stk &5 UL v, DAETE
JR A A TR SR B AME M . FIRAEA SpyTag
F1 SpyCatcher AS[RIFR%ZE (Y 58 25 A FE RSN L&
FRASHRHIL R | = R R H RSS2 Rh R (RS
FUOL BRI B R RS T A [ 26 1 3 3 X B 4K
AR/ RZIR , R5 o S B HUE BB AA
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P RN, BEA AR ZIRTE R, X —45
R BRI At T ARE . RS K SO
BAKF SpyTag/SpyCatcher T4 15 R A4 &
B, TR IR, B kA A A AR
M1, R R BA IR e 1R, Fal,

A BAIE— 2T & R R . SRR Rt . AL
BiRY SpyX i (AXB fil BXA), HITKRN THE
FUR ARSI, 408 SpyX B i & 2 11 10
TR FECT ZRWUMIBE MR R, AR
FBTRER S . B RIKFIE R . fEE AR
TAEPE A SpyX BEAR 2 TR &k
RARAEBARR T TS s W] LA St i 3o
FeRBRIE R B 5 AT DA 2 I B R E
PE, SRR I BRI RE T . SpyX BLHT
KT EABHHINS TR, BN
B RE R 0@ - & o B BAEE T SpyTag/
SpyCatcher Fl[E 45 JCFF 2 1 (Intrinsically disordered
proteins, IDPs) L& H @ik, E— s R
X SpyCatcher Jik, HA A KEHAT, KA
KA HLT Y SpyCatcher (-) 48 IKA58K 1T LI SpyTag
W S e Iksh, SpyCatcher (1) % fIkid E4s
B REY, LRI E SRS 5
AETIRE, KRKRY 98 T EYMEHA SN G I

5 JFrRR%E LA e A A

51 AREHE

G BB R E T R DT B — A R,
5L GE IS B TE RE T AR B, A O T N 4
B0 BT R RS T DNA B HER
PRGN, AACFEBe AT a], T ELAAS &5 587

JREEREBURL (Virus-like particle, VLPs) J&dF
P SEAOIS SR SP S As S V=2 IELD & Ne
REEFELNE, FelRTERE Ry SR,
i 3 I Rl B Ak A, X B ARPL R R T B0
HA 2 PEOR M IR A U R A R T &,
TR I G 17746 . IR, Howarth 1 BAK:
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5 FHif7 SpyTag/SpyCatcher FTFRE i #, ilid
¥ SpyCatcher fli & T WERIAZ 1 AP205 (AP205
CP3). SpyTag Il (CIDR F1 Pfs25) {RA G
£j SpyCatcher-AP205 J:Ad A, T LA 4 SR
e lE . Singh SR SpyTag- Pfs48/45
SpyCatcher-AP205 IL:Mrhisy, [RIAEAT4T I S Ji
1350 E . KA — I T R A K N T2 ik
s P SRR A DG KB R B . TS AR
Hrls AN SpyCatcher-VLPs, 75— fudi 5 ik iE
OB PR, Ak, i 2 R ek
5 T RS 20 1755t AT ARG S S 2 0 AN (1
PO G ge v 227 SpyTag/SpyCatcher 5 1 5 4125
BRT HE TR T e R HEA R T BRI IR, 38 wT L
BROES T A0H0R B AAE N o 3R 52 2%
SR WS T R T v A it L i O R B i A PR A B
A E IS5 E O BT A B
SpyTag/SpyCatcher F FixitHii&tric , ML HAE
S48 K 83 FL PN Je s A M 2 Pk o B iR 25 W i
AR, NP R TR SRR LS A s 11,

52 HMENKEYREE

SRy NI O S A D e g o R e 5|
PEANTA , HB S N R A AN B RE L (Outer
membrane vesicles, OMVs)“®! | 05 4 5 1 bk 55
PR DR 30 o S B A TR A . T g
WAz, BN A5 531K 7] SpyTag/SpyCatcher
RGTF R T — il 0 Re 98 R4 7 . AL 4y
WA VR BT 1 . OmpA J&— Rl B A A 41
HRAEN, S /AN T s A K0,
K H BRFA % I AR Brevundimonas diminuta f)
s B2 — fis ¥ (Phosphotriesterase , PTE) % A
Zn/zn TEPEAT A, e K i SN O B 0 IR e
AL JOBE 0 AR REIR AN DT BE , DN 2 il A B
WRliR . SR, WEIER — MR- TEKARRSCRAR . Sk
G 37N I S I B e S 51N 7 5 R P A
XFiX—[apd, B9 AN Ri%it 7 OmpA-SpyTag Fil
SpyCatcher-PTE MR EH , il 5 KL
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A A, e T AR EE, A PLBEE R
X S 4 PR 4 4R T — MR A o
RS A 45 SR mT Ry 350 120 A0 26 11 e 2 5
W, AT AFERZ Y% . BEE2KE . Giessen
21400 SpyTag/SpyCatcher I T4 MS2 W 14 {4
KRN B R G, Ak e FE R e 1 2 AN
K S g B it T — o BT BRI A R

W5 A\ 50K SpyTag/SpyCatcher &4 T T
AL AR, R R AT 7 9 £F 2 3R ek 2t
— AT REYE M GOR L 4 2%, AT A [ 22
B —> o-FENIEES SpyCatcher JEATE 4, FfoKr L
[ fE KPR 4R 4 -5 SpyTag #EA7HL4 45
Bro PP B R AW AT LIZE 2 pH {H
A LA RS N de R Lms k. obah, 53K
0 e A A 0 3 T AR W A A AR AR L i
KL 1 4 AR AN BT T S5 AT SR PR 08 BRR 2
X — BN TR S (0 L W A A U R 4 IR
meYE . BK B2 o i . MR K s g
W 119 2 R R AR B B A £ e 4 BT
5.3 ZKIEER

H1 2R PSR BEIE 1 A= W A v AR
= 272 1w FH DA RO B 47 1) 2 11 S 285 4 R D) RE )
DAEE 150 SE A ) K B8 e 2L 485 1 T iF9E N 5L Y
W KOG - A R G BUR IR A= W 53T AL
R KEERE , HUBRIE B 55 , il 29 FEAEAS [R) S5 )
JTERH . AR, T A A5 SpyTag/
SpyCatcher K #y4s vk fka e vk, #Fo A G f
T 8 R K S W BE5E . Gao %Pt T
SpyTag/SpyCatcher 431 B B B AL 3 1 o /K 5
o AW, 4T SpyTag/SpyCatcher HEHLL Y
B AT DARGHURE B, AT B | b2
S I B 107K B IE - 12 AT A ol Byt P 3 6 7K
JB SR b Fn R 3% 3D 1 AT A 4 ff H45 LA
25 Wy Wk A B . Wang %5 BOVR| A SpyTag/
SpyCatcher fiff & AR A ZE  (B12) MK
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IR K BBE R , I 0 4 1 240 B 2 1 B
BEHC, P ] Y B 11 T B A BRI
PR T — BT AT S VR T B A% 8 S
54 AIRBHERE

Bl A TR Rl T AR ARG R R, i Tl
Az p= e AR 2 o TS K TR, i
FasE ARG AR R EUR R 20 . XX — i)
L, W N BRI A& 57) SpyTag/SpyCatcher Sk
B N TAREE R, $em L EG N M E. &
IS B RT LA 2 W S VR T2, (R R
IR S 205 B E IS A, AF ARG A A2
SN R R S A R s i el Y SpyTag/
SpyCatcher 4RSS A M S IR B AR e P mT DLk
SR ATCLIRM SRR R e . IeAh, FEIRR S
PRI —RERAR A S Ay e, RA R Ty
T-Hh-E7 SpyTag/SpyCatcher 255K 2wt A A AT 33 1)
HMMahG, BAMTERE N ZIE G,

6 %if

Bl B AR PR, A s R A
MBS R F 0, AR, DRSS AN ARGR R BT
PilinRing.SnoopRing & SpyRing JLEIZE A4 1
AR, FRER T SR AR LT R T IR AT
5%, RJREL TG TR N PR AL T B A
Y R ZHOE R E A 2, W T HAE Tl
AN S T N A B ) I R £ 1) 7
el A5 ZCEE T B 1 T AR T — ELR RN AR
KVEM S BT 5 RSN O TR A &
R AP pFa ek M re ek, i HAE 2 DS R A
Vel ) o R 5% o A, o] R IR il 8415 B9 SpyTag/
SpyCatcher £%4%, M AT ZMEEH . 9IKEY IR
N#s . A BTRFNAS R 0 R SRR AL TR R
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