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away from the restrictions on the amino acids utilized in ribosomal protein synthesis, protein synthesis, and
modification through the ligation of synthetic peptides have provided a platform for preparing the unnatural
proteins that contain hundreds of residues, which realizes the artificial design of protein on the atomic scale.
Although several chemical ligation methods have been reported, they are confronted with the defects like
limited junction choices and complicated substrate preparations, impelling the scientists to find out alternative
solutions and develop enzymatic strategies fit for different applications. As a group of popular peptide ligation
methods, enzymatic ligation strategies not only expand our understanding of protein, but also exhibit great
advantages in the industrial production of pharmaceutical peptides. Sortase A (SrtA) has been extensively
utilized for protein terminal modification. The researchers from various fields have attempted to develop novel
applications based on SrtA, for instance, characterizing the surface proteins of eukaryotic cells and expanding
the choices of phage capsid proteins. Butelase 1 from a cyclopeptide-producing plant (Clitoria ternatea) is a
highly efficient peptide ligase for peptide cyclization. Large proteins like GFP could be cyclized with excellent
yield (>95%) as well, and Butelase 1 can be used for synthesizing peptide dendrimers, preparing protein
thioesters, and modifying bacterial surfaces as well. Subtilisin-derived ligase is engineered from subtilisin and
thought as a powerful tool for peptide cyclization, protein synthesis and terminal modification. In recent years,
based on a calcium-independent subtilisin variant, a thermostable and organic solvent-tolerant peptide ligase
was constructed and termed Peptiligase, which was further engineered afterward. Omniligase-1 is a universal
ligase bearing broad sequence compatibility, while Thymoligase is specially designed for the production of the
pharmaceutic peptide Thymosin-al. These Peptiligase variants exhibit great advantages for industrial applications and
have been considered as the most impressive enzymatic approach to date. The development of the existing
enzymatic methods is anticipated to be ameliorated through enzyme engineering, to which rational design and
directed evolution have contributed a lot. At the moment of computational protein design communicating with
chemical protein synthesis, we anticipate that more peptide ligases would be discovered or designed. They may

serve for generations of previously hard-to-access modified proteins.
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WA 2 IR PHEITVE 7 A s S B ik R
Ko WEEQTE RN EERE (native chemical
ligation, NCL) " JGJRjiti g T #% &4z (traceless
Staudinger ligation) ", B[R -F2 &% #: (ketoacid-
hydroxylamine ligation, KAHA) ™. 2 & R/ &
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1.1 Sortase ARRAES

SortaseA (SrtA) &Y H 4 == B M 1H /1 — b
IR, HohoRUE T & A H & BRI (Staphylo-
coccus aureus) ] SrtA ¥ KB H & )iz, %G
PR ) LPXTG 791 (X AR BRI RIRIL) ,
U1 W 75 2 IR RN H 2 R ok ik 2 (1) 1 I B 5 T i il - I
Yok, Bl AL T R SN I 5 SR R K i
Yedrialpk, 5 H bR C b2 (8] BOHT I K g M T
SEILH bR B 7 A M RE SR TH e Y RS AT
TE A LPXTA 7 51 1) SrtA S5 KB, X ik B 10 ik
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Red groups participate the chemoselective capture reactions, and green groups represent 'scar' or sequence restrictions
groups p p p g groups rep q

TEEEER B (Streptococcus pyogenes) 1% Bk
UAE 5 <5 v €078 %] 2R TR SR VA Y SrtA B ik Big K & A
R E, PR R BF AL 08 7 513 B A T
KM, SrtA B kg T ) H 2 RIA SR K 4
ILESEILRE Ak, 3 LR AN [R) S5 I BT 9 35 g 22
R AN BRI AR B AR P 5 E IR
S 1 EPL R B& AH B, {58 A SrtA % Ik g i 16 5 B ot
PR, TR AE B AR 8 A AR I il & RIA K FEANH
JINE R IE bR T 5, BARA ST —
B “HIRTFH” (K2 () ], HE5MERIENS
JREJSRIEAHEL, CRIERIC VT EEA R KL S5 S
A RESZ B2, JF HR AR o G 7R S AL, 3R
JE AN ME B 5 AR B

2004 4F, Mao 7 S5 1 ORI FH SrtA 4 KB AT
EEBEM, ESZEXRGEEH (green fluorescent
protein, GFP) [ C ¥ fil & % 15 LPETG (HD #5 %5,
P O 5 R SRR R A Ny T E M EU — A
GFP/r T ZHmEA Cw (B2 ], HE
SrtA % ik B & 5 PHE SRR R N T 2 DY)
FHEF I, AREEASS THRAEK, 2
o RAERZ A EERE, —BEEREERNY

PIRE RZ B2 K7E, Tanaka %5 P LPETGG J7
B TSN 22 B 2H AR A o3 AL R T C g O 38 T SrtA
KB AR AT M [ 2(0) ], g R I &
I 2 3 Jy 2 RAE SR AL T R BB, FIRER
T 7N W] T 40 AR T A R N B A P R
PRER T R AR 2 T AL PUR PO L i ik 24
PSR FI T B, Hess 58 PV g th T4 A M H
KSR RIS, 7R M3 R B R 4K 52 85 [ plll
5 pVII ) N 2K %y 43 7] 48 0 5% 5 Gly #1155 % Ala
(G5-plII-A2-pVIID, JeH FAL ik PEBE 3K 1R (Strep-
tococcus pyogenes) K5I SrtA ¥ ik i [Sortase A
(strep) ] ¥ VYIS FHB (tetramethylrhodamine,
TAMRA) &Lk (KLPETAA) i £ 1%
ZpVII, HAHEEEHEIKE (Staphylococcus
aureus) KR ) SrtA ¥ JIKEF [Sortase A (staph) ]
¥ G kAR (LPETG) ) 5% e Bl 8 4 ik 7
(camelid heavy-chain antibody 7, VHH7) % # %
HERLE pII, 3R % T W B AR R TH R s ORI D BETE
[E2(dD]. 5EAMBMMEL, SrtA 7K E
JIRA BT T RCR D, EEIFEREEEGE T
HOEIR” B, SRR 2 IR — R
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(a)The catalysis process of StrA

mEeE >t > EIHIEECKE@

@® = ri#folic acid) B N LA WS — 4 GFP4 T

(b)SrtA ¥ kB /1 i 8 B A CIm & i
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Fig. 2 The catalysis process of Sortase A and its applications
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GRS BT T MR K ETT IR, B
AR H A M SRR T, B R KiE
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1.2 Butelase 1%5(kES

Butelase 1 % Ik /2 #vity 245 FHAE IR & (Clito-
ria ternatea) & AR IR A% o i 4k 2 IREA AL 1) 3%
Felg, W 2K C i Y N/D-HV 7 51 9§51 7 N/D 1)
C iy JIK S8 TV Bl - IS D R (A4, 2 5 G N iy 3 50
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Asp) ) “HIR” [ 3Ca)], TR N i i 5 51 R i
tHLE SrtA ¥ IRAR K45 2, [0t Butelase 1% KAl /E
R RE & pl 75 TS LA B S Tam [ A S R
Butelase 1 % Ik & e 7 Z A EH, a0 R 4
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PGB RIRRRZIR I T TR . AT
Butelase 1 % KEF LI 2 kKA —, KRBISH
21250 MR LR TR L1 GFP (AL Z 2  SrtA #;
JRIE 1) 20 000 ), /NEIJUIK, 5558 2 K A B
— MR R G A

SEIG K B, Butelase 1 ¥ IKBE AL 2 K R
AU R AS RT3, H P 2% 22 K TR) ) B S 8t ]
W), B HV Z AR R AT LA A o il ) gk
Bg- ) a4k, 1X 520 Butelase 1 #% IR B A1 SrtA #%
KRB EAL, 75 B 1 IR I BE R AR IE 2 Ik Hf 422
R M, T R PGX — 0/, Tam HIBL Y A RCT
C %t [ 51) ) N-(thioglycolic)-V [ Z Ik &Y, L4
WK IH BEH Butelase 1 7 ik R A1), (HREBUMBR AR =
JUR TG v 2k T - S b A A, SO R T A Tz
F N B I BUS T Rk 95% M " At
PR 12 2R R A R R R G DL, 387 38 1 R
Y= 8P SN e P U B U R SO 70 s S o ]
'] OmpA £ 1 C ¥ ¥ JINHV /741, F| H Butelase 1
KB RIR A H - e (GD ZRREI 7 TR ET
HEH AR OmpA B A L, AT 2 B4 B T AR bR D
[EI3Ce)T ™. My &M 8 i 4 742 — 4 BA Lys
R R 2 K0 S R, BT DAFEIXAS R
R R, ¥\ E A PUEAE A K Y RE
(RLYR) #E#EZXMEL L [E3], TER
NEZ NN i DI e RO G e N SN R 7
Tt BN IRE R T 2N BER . A
Butelase 1 4% JIKEg 78 o] H T8 AR BE il 46, H A%
T A Cu L FHF AN RIENHV = AN F AR R,
K e B 2 KRR, BRA SIS S
[K3e) ],

Butelase 1 %% JIk i /¥ 3 % LL SrtA % ik By =
2~3 M HES, AMERZERYY IR ER A S
Z—, SR Butelase 1 %% JIKi — L2 MAE P K}
PG, HRM L EARE T ), Tam B PAJ5 22
ORI T A R B A —EU) OaAEP1 7 K, 1%
e v e K AF e AR, B2 K IHB K
(#92 mg/L), H k. /K, 18 Butelase 1 #% KHFE 2 4
B, &ty TR0 s WA RRIL B )5 & 1 =
gy — B AU MERCN T 24 T Butelase 1 %% ik
DL % (R 5 e e #E Wi 41 ) o R I o K B, 4k 2242
I 5] STk R0 4T T e LB B ) — A B 20T 52 7 1) o

1.3 Subtilisin AT iE#ES

Subtilisin & K H fif ¥ 4 ZF /AT i (Bacillus
amyloliquefaciens) W B EAM, BN
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W R IR L IR A D48, ®RAIMERN—FEAT Subtilisin [ 5% 8 3% 1 % B M Ser # 48 &y Cys
12 VB 55 08 K R 52 B Oy . 7R 20 1 (S221C), 18 % ) A\ T. % $% ¥ Thiolsubtilisin 7£
28 60 £ 18, Bender [ B\ Y B A FH 1k 2 5 5K 50% DMF &R R B 7 2 IKE B 6, H

(a)Butelase 15% fik BEftE (b it 2
[XATLAR A AR, X, 2 I BRI R AR, X, — MUNBK R IR i
(H HULIV/C))
(a)The catalysis process of Butelase 1
[X can be any amino acid, X, avoids proline and acidic amino acid residues and X, is generally
a hydrophobic amino acid residue(I/L/V/C)]

Butelase 1
T

(b)Butelase 1%% ik (i L HKER{LAS-48
(b)Butelase 1 catalyzes the synthesis of AS-48

Butelase |
a -

.= A 3 B 9 6 3B (biotin or fluorescein) . =0mpA

(c)Butelase %% BB /-5 (040 B 5 A bRid
(c)Butelase 1 mediates bacterial labeling in vivo

R
HS—é .

Butelase 1 _/

RIBA

v

(d)Butelase 1#4 ki3 & AR £ IR T
(d)Butelase 1 mediates the synthesis of peptide dendrimers

poein BT Butelase 1 Protcin T ¢ j‘S’\/I\

H,N

=4575% . 5 1 (GFP)

(e)Butelase 14% k5 A T % H A e
(e)Butelase 1 is used in the synthesis of protein thioesters

B3 Butelase 1 %% kG fE AT TR K2 N FH 7R 725 ] 126 42 4547

Fig. 3 The catalysis process of Butelase 1 and its applications 2% 4 7]
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TEIKIE WA RO T B Bl & AR H AR
e, Wells HIBA 7 3R15 T 820 RIA (10 2 K%
fiff Subtiligase, 7F S221C ZAMEGI N T P225A R4
SR B ARG T Mk O ) 2 TR L BEL, 5 122 T 1 3 2 4
w7 AN EER H KRR T 2 M E S,
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HEAR P WHBT, SUE/RE— R EGAFEF
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AH b SrtA #%5 Bk B§ A1 Butelase 1 #% ik g ,
Subtilisin A T. 3% $2 B xf i 82 07 i 16 7 471 PR i B 2
AL “EIR” P [E4 (@ ], HitkAfE
IR N VS . FLE 1994 48, Wells [ B\ &7
FIH Subtiligase ¥ 6 > 2 Ik Bt (R B K FEAE 11~
3UANERIL) PHERNGA 124 NE LR IR IE (A% 0 1%
[N e~ S NI 7 N N T = R
(isonicotinyl, iNOC) & [ R4 LB 1l 5 & Pf £,
RREC VE IR N JG PR AR AP B SR AT N — 0 1 i 2
[E4 (b 1, iXENCL 5k B szl 17k 2 A4
Z KR Bt e B E i B Subtiligase iE 4 H
TR K A 12~31 DN R E R KRN 2K
[E4 (o 1P, fFENS KB N LSt Bl & A
JiRC i 06 IR PF 2, B W Cole 55 ™ F H
Subtiligase i ft 5 20 1A (172 KBRS -5 A B+ k-
W% (GLSGRGKGGK-Biotin) M, fiEl 1
Pk 2% A2 M KON i 0 250 9 s b IR TR AR 1 RR
[E4 (& 1. ARit Subtiligase H i fix 3= 1 B FH 7
)41 A2 B 5 N S &4, Wells A 0 @57 7 —A
MWHRETCHSEOKBEEREAATE, THH
Subtiligase ¥4 7 3 LE W R AR £ MOEHAE IR &
FFESINGG (4 (o) 1, HHATRMEAK
fREEALERAE S, BV EMEE R AEME
Fr 2 RE d N i ;v B, 8% J5 134T HPLC-MS/MS 47
Mt AR LSRR E L ERESLI 7§
fift 22 K B IE 0k, 1% & AT DA B AN
SRR IR T R 1 K AR T A A0 ) AE R AR R

H5Y1EIAL .

[ Subtiligase Z A, 1% 5 MR I 73— AR R 5
WAEITFIRAG R ff = W 2R 5T 74
KEAAE, ik 7R A\ R Fhd B Ag g i -
Fi b Subtilisin ZX & 8 A 8E . #3E 1 — DA OBLES
B B B R E B B, o s M rpo ik
T R, BT — R R A 2 K R B
Peptiligase “ *'. 5 Subtiligase #H L., Peptiligase [
B AWML, FIEE RIESE = HERE P E
m (BHEREZ KRR ERN 532 =D,
W BAEH T T A= il s faoe i, 2 DU 32
60 C I ik DMF 5K, 54 2
LR IR M 55 Hor, R T At R — KN H
AWk 2 IR B R R 2 Enzypep
oAl . 18 ik X} Peptiligase ) & N B 7T 5 o i,
Enzypep A FIHEH 18— 1% 48 Omniligase-1,
AR A1) B i) fE A 22 AP SR e B A T AR 5 1)
T 2B, 7£ Z k254 Exenatide 7 70 2% & Bt 72
B[4 () ], Omniligase-1 11k T i BL £ Ik
PEAE R IR ) 88%, o 7= e i ol [ AH A BT B
REMTEEZ IR AE, I T %M R
Tk B A ' Omniligase-1 75 A] 5 — 5 8 44
FLL R L 5 iERE (oxime ligation)
IR UG BEA Z G-I, ARET
W BN, Enzypep A FlIGHEH TEM X FrE 45 £
JK P B 2 1, 490 4o % 1T F T 42 7 Thymosin-al
f) Thymoligase, ZMEE7E P1AL4F 5 I 5 47 1E HL & JE
B, £ PUALHRE S R AT s B IR, P B 2 IR
VI PF 3 % A 94%, B A 7R R A L R A AR
TZ#RHATHAE ", Peptiligase & 5] 3E 4 fiff 71 1&
BRI RIS YE . R T A PR S5 2 S 5 T
R T TN AT, s 2 M 254 22 IR B A 7 AR
T T 60%~80%, & F A Lk R R ik
Peptiligase £ St 4% 0 A4 H 1l B {2 2 Ik Hf 4 I i 52
g H E AT & 9, EF 0 A [F] R D7 1) 5k B0 3Rk
13385 /& A 5] 7 51 75 SR TR AR TH 2 FoAR Sk 1)
PR ETT I .

2 REiHRR

HAREHRESZRE S REARESA
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Subtiligase or Peptiligase

P43 PP [HCys AP pat

(a)Subtiligase/Peptiligasefi {t.id 2
(XA LDCAE B E AR, FRP2AMSE GaProft e, PMRIFEIK S &R E B AL
(a)The catalysis process of Subtiligase/Peptiligase

(X can be any amino acid. Pro residue is not welcome except P2. P4 prefers hydrophobic and
aromatic residues)

Rmﬁo

Subtiligase Zn/acetic acid

1 O
L H NI ot 2% T o

- %'ﬁ%m

isonicotinyl glycolate-phenylalanyl amide

(b)Subtiligase i T k. 2§ i% 4= & iR Nase A
(b)Subtiligase is used for total synthesis of RNaseA by chemoenzymatic peptide synthesis

H, i Subtiligase

H
N $
R=%‘U"5 NH,

glycolate-phenylalany] amide

(c)Subtiligasefl: {k. £ K1t
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Fig. 4 The catalysis process of Subtiligase/Peptiligase and its applications
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