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Abstract Precise modification of guest molecules on proteins is a crucial technological foundation for supramole-
cular modulation of protein activity. This is especially true for aromatic functional group guests containing positive
charges, which can be efficiently bound to cucurbituril. However, precise modification of these molecules on proteins
using non-canonical amino acid site specific modification technology can be challenging. The linkers of bioorthogonal
reactions are often large, which can affect the recognition of the host and guest molecules. To address this issue, the
target proteins were modified by adding iodine- or alkynyl-functional amino acids using the non-canonical amino acid
site specific modification technology. The pyridine molecules with a positive charge were efficiently bound to cucurbi-

turil molecules using the palladium-catalyzed Suzuki and Sonogashira coupling reaction. Subsequently, a non-natural
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amino acid with an alkynyl functional group was successfully incorporated into the target proteins using a series of
reaction conditions. Furthermore, a Sonogashira coupling reaction was utilized to attach a positively charged pyridine
molecule to the protein surface. These accomplishments establish a crucial technological basis for the chemical
regulation of proteins through host-guest interactions.

Keywords Precise modification; Non-canonical amino acid; Host and guest; Protein
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FMLIE SR (S 99%) , b 22t 35 28wl 5 SR AR (S RE 99% ) Fl = Z i (A3 99%) , b st il s
Fl 3 2xPhanta®Max Master Mix F1 10xDNA FFEZE 0P, mE it 4E%E /8 ] 5 Gibson Assembly®, Nhel-HF 7l
Xhol, JLITAHIEAE /N F] QuickBlue PR YR, T MBS JE /N F] 5 FastAP, GeneRuler 1kb DNA Ladder
H1 PageRuler™ Prestained Protein Ladder, 10000~180000, [iEZE [ PR AIEEEEZELY) , € E FEER /R BH
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Al ; Xevo G2-XS quadrupole-time-of flight ﬁ!%ﬁj\%}:ﬁlﬁﬁ((()—]‘o}?) , FERFEZSF] 5 NanoDrop One C
RS, TR R RRHL A w5 Cyto FLEX U ZNAMAIAY , SE [ U1 78523 %] 5 €1000 Touch !
RAEMHE AL (PCR) , SEE{A K (Bio-Rad) 23 v 5 HE-220 B i f /K- HLJK A 1 Tanon 1600 7 57|
ZIREEIE G RS0, EIRAEA ] VOX 130 BUAE I ANMIBE e, 3% [ SONICS /A ] ; ECM399
RO ZEALAY, SEE BTX 2] .
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Scheme 1 Chemical structures(A) and syntheses(B) of noncanonical amin acids
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%, P 1T Suzuki B Sonogashira I S N &M T4k F-. i, 1Phe iy E3EIASE, AR 34ME
FIR G LR A 2R U Scheme 1(B) BT .

A G AR L) TPheK 211, BynK Fll PynK ()4 %2k 15 TPheK —3K .

T, K 2.43 g 4-BUREE | 2. 50 o X Fird R 5L Sl FH R TG A 3. 80 g ML IE fim A F1 250 mL B3,
120 mL — B WGk I, T2 PR 10 h. ROSIZS S, ) RS T A 200 mL — 48 FH kv fis
B, I AR S BTSRRI 3 R LA L . RIJOKBRRREN T8, FLosiR)s , A UBIRIE s, 28 R IfPrak
W ERE . MRAFEEM B (Vg Voeww=1 10) J5 B2 AT IR AS S5 Mg o e

H 1,00 g G PERE IR | 1. 20 g Fmoc-L-fi Z FRERFREL A1 0. 70 ¢ N, N-— 5 N3k Z 1 (DIPEA) fil A
100 mL B, FH 50 mL N, N-—F 25 F o iz (DMIF) VA TR A, T35 08 R EERE SO 10 he 135 SL v 45 o)
Je s T SRR A K K R B e i JEAILER , T R LRI A I 3 R LA I 5 SR FAAR A4
IKVE3 W, A AR I ATCK B RREA T4 . KA RT3 (V e V=20 DS B0 ZHTIRE 78 K&
We4i13 5] Fmoc-1PheK. ¥ Fmoc-1PheK i i T — 2/ —F R BEIR GV 1tV opp=1:4) , BT
N2 he RESONZERG , S fielt 78 R WAr EN15 771 IPheK.

122 FARAKAEBRBENBEWEIE  SLIHRASEOIICE OENEASCR IS Rge, il Hoe
S B 1 i Ik RAE AR R AR I IR 7 R A AR R Il ARCR . HAREEL BT . (1) R AR
pET22B-sfGFP-Y 151 TAG JFu s 5 Xl e A fR I ISR 2 LR I X)L 9 tRNA A B (RS ) 2[R % {b i BL21
KIGHFF R IERSZ A, WA F 37 CHEgRM P R SR (2) FRBURRTE S, & T & A A R A
FORBERM YT R L (XY T) B 32 56, BT 37 CRERH IS 5 (3) HiG Ak )5 A TR IR HE 1: 50 Y
F A3 Rl gk 2 mIL B S Z R TR 0 2xYT B 32380, F 37 °CLL 220 v/min &5 3 B3 35 2~3 h. 4
0Dy, fH A F] 0. 6~0. 8 B, A -4 B -beta-D-Bi A1 UM T (IPTG) FlAE KRR 2 B2 , 1545745530 C
PR L 220 v/min F il B SR 00 % 5 FEREAEA RS AR KRR E LRI HE L M 34 (4) 10~12h )5, A
5000 r/min %3 2.0 20 min, F#2 BRI, WORGEIADIE; (5) A1 mL PBS 2 il EA A, B 20 pL
Tl 2 MARFU A 200 WL B9 PBS ZZ ohif b 5 (6) S8 whii in A BE(d 6 96 LA, FEFRAS 2 H
600 nm &b H G IE K2 485 nm/512 nm HIDEVEAE , 485 nm/512 nm 5 600 nm &b FCAE B R 28658 68 1 Y
AN FRIB TR, AT R R AR SRR AE F AL AR R i AR

123 EaWkarfaft LI E coli BL21 AN TR R B ALZRR . K& AN Tk 1)
A A B 2XYT 55573, F 37 “CHE TR 2 0Dy fHiA F] 0. 5~0. 7, MMALUKE N 0. 3 mmol/L [H)i55F
FIIPTG, i T S IR CE F 25 50 18 CIRLE P 53R i GRBEARIE 2 AL bE e, IS E AW
Fik . XFEAAERIRAILIRNE 33K, MEAE 0Dy [HILFIZ 0. 30, JIAGE MUK 1Y 3E IR
FERR (1 mmol/L) , ZKLEREFE 2 0D, [HIEF 0. 6, IIAFE S IPTG.

W i B SR A T A, R T AN I 2 [ 50 mmol/L Tris-HCI (pH=8. 0) +200 mmol/L. NaCl+10
mmol/L WKI+1 mg/mL 5 B |HH T 4 "CHEE 1 h, L5075 24400, T 18000g 5% 3 2.0 50 min, Br A
DUTEURAE 2T, A NI-NTA Bl bHEERCER , T4 CIFE 1 ha, BIRA Y DRSS o, v vE
% [25 mmol/L Tris-HC1(pH=8. 0)+500 mmol/L NaCl+20 mmol/L WKme-+1AF 5385 2% A H 3 Tobse 3 7, B
FZRR T, FFHBEDI (500 mmol/L NaCl+250 mmol/L I ) i £E 4t Ak i it 9 2 1T

W E MR E R TR, T4 CWF2h, FAEN R0 8, B bl iRE E, L
18000g %% 1 250> 50 min, BRITOIEIFCE F2IIR, T AR SN E A sifk—30. Faifb/sr&E
H 7AW A Amicon Ultra column 36 )% 2 B AE & [ 25 mmol/L Tris-HC1(pH=7. 0)+75 mmol/L NaCl+{4FH
GrEL2% BOH ], 2385 T -80 CHE R AR AF . SRS AMLIE] BT EE 11 it SDS-PAGE il i 73 HREE 11 513
YEE .

1.24 B # g R HTEAE IR G IRRTE A% AN /K- b3 ARCR LA S RAIERE 54 H AR 4y
FITugt i — 2 R N B R VRS b, X R T T s B E A XN,
REMREETE 0. 1~0. 5 mg/mL 2 i) .
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1.2.5 AEE Y & B & T Suzuki (BB R B A& RMAKRAEAT : 50 pL 1 mg/mLAEH . 1.9 pL
100 mmol/L 47 Bl R L AY/N3F- . 1. 1 wL 50 mmol/L Na,PdCl, 5% 3 wL 10 mmol/L Pd(OAc), L, f16.5
pL 1 mol/L DTT.

1.2.6 41 189 & & 5 T Sonogashira 18 BX R & W AR R SRR 120 pl, KR RA AT
500 pmol/LAEAHEALH] . 5 mmol/L LR MLAREH . 500 pmol/L A B /N3 F1 10 wmol/L JE K AR FEBR 5 1
MG AR, SRR R pH=8. 0 1Y PBS ZZ 1k .

2 GR5iH

2.1 FERASEBHNEZEN

SR A FH 5256 %8 A 1) MbpylRS 2872514 AVRS(L274A, C313V, Y349F) #E4T IPheK (4 A L5
BRI R A 15157 A5 A TS 2R 28 i TAG LI AE AR EIERR , LADEGIE (0D, ) A PANL A )
SO I RE R, HPEIEE (0D, [ 1(A) JFE A E [ E 1(B) T LAE H, AVRS A LR R
PUIHG AR 2 LR , 25 11 4R35 5 5k 60 mg/L.

g 600 [(A) _ 0 (B) +Scan(r. t., 6.674 min) 2.d Deconvoluted(Isotope width=10.5)
Q L
::: ~ 8t 27822.18
% 400 - % 7L
dil e
3 2001 §O> g I 5.
z ! & L . , L : . .
Q)\‘b 0 25%00 26(;00 265I00 27000 27500 28000 28500 29000 29500 30(;00

Counts vs. Deconvoluted Mass/amu

—~ . |(C)+ESI Scan(r, t., 5.934—6.000 min, 5 scans) —_ (D) +Scan(r. t., 6.661 min) 1.d Deconvoluted
$ 41 7 Frag=200.0 V 2020062 1-S(GFP-WT.d £ 1 dsotope width=10.5)
1 Deconvoluted(Isotope width=10.5) % D! -~ 27707.06
£ 3b 597.24 g 08 7 Cal
= 127597, Calc. 27597 = c. 27707
S 2 Obs. 27597 g 0.6 Obs. 27707
w0 | e 0.4F
| T B
= 1F = 02¢
0 1 I ! il " 1 ! 1 1 (4] 1 1 L JL. I 1 1
27000 27200 27400 27600 27800 28000 28200 28400 26000 26500 27000 27500 28000 28500 29000
Counts vs. Deconvoluted Mass/amu Counts vs. Deconvoluted Mass/amu
s (E) +Scan(r. t., 6.595 min) DING.d Deconvoluted 6L +Scan(r. t., 6.733 min) WU.d Deconvoluted
% 5r  (Isotope width=10.5) i/ 5| (sotope width=105) 2765837
ERRd 27672.38 g 4 Calc. 27658
S 3 Calc. 27672 S 3 Obs. 27658
T2 Obs. 27672 T 2F
< [
= 1t — 1F |
1 L 1 1 1 1 L 1 L W) 1 1
0724500 25500 26500 27500 28500 29500 0250()0 26000 27000 28000 29000 30000

Counts vs. Deconvoluted Mass/amu Counts vs. Deconvoluted Mass/amu
Fig. 1 IPheK incorporation with AVRS(A) and MS spectra of purifified sSfGFP-Y151-IPheK protein(B),
sfGFP - wildtype protein(C), sSfGFP-IPhe protein(D), sftGFP-BynK protein(E) and sfGFP-PynK
protein(F)
HRAESCHR (24, 25 [ IE Y MbpylRS 282 (A FER 1B iE [ &1 1(C)~(F) J3aE 1 HAR 3 R KRRk
FRAVIERRAE A, T — 2P RIS SE g de it 7 3e SR . JETutl, BEX 8 B AR R Ak ) (R S
I (Scheme 2) 4432547 T 1AL .

Scheme 2 Schematic diagram of Suzuki coupling reaction(A)
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BT AR AL 0 AR IR S AR R LA T % AR 43 (B IRAE 1 3 2 1 SR S AR . 1 o, A
Suzuki IR SN, PEHE 4-TOR TN 2R b AL o (R IK ST AT BIE Y, AL TR 2 BESCk [ 25 ]9 18 1
Na,PdCl, 5% Pd(OAc),L,(Scheme 2) , 4 Flii 43 B B B A /N30 0 i S AR . S g A R A A
50 wL 1 mg/mL GFP-Y1511Phe ., 1.9 wL 100 mmol/L #if#2/N3F . 1. 1 wL 50 mmol/L Na,PdCl, 5% 3 pL
10 mmol/L Pd (OAc),*1, 5 6.5 wL 1 mol/L DTT. i) He 48 &8 A RIBUREE A IR 1L 5 90 0 7 R PR 5%
SRS AR I A far D A R A B S AT B A b

P B s [ 1 2 (A )~ (D) JA] WL, AN L far /N7 i e s g i & [ 2(B) |, SR
AT 18 /N3 (A S g 7 SR AR Bl B AN BB E [ &1 2(A), (C)AI(D) | HIJFEEANR « (1) R Suzuki fHHE
S — ARG 5 R ARG, BT IR RN i R R T A R ) =R B |, YR
FI 554810 A A= Suzuki (IS B g Wk FE A5 0F T 0B PT R 23 & AR I B T 3 351 P s %, RO
SERFN IR RG (2) 48300 Y R JR AN AT B R BUE LRI R R 2

(A) +Scan(r. t., 6.682—6.715 min, 3 scans) (B) +Scan(r. t., 6.679 min) 3.d Deconvoluted(Isotope width=10.5)
<10k 2.d Deconvoluted 27707.13 = 4r 27707.36
S (Isotope ~~7idth=10.5) 100.00 > 27671.34 100.00
£ 82: /@q/ Calc. 27673 E o 18734 [} Cale. 27671
S L ©ORB Obs. 27707 8 2r(HOXB ! \67690,84 \ 2772876 Obs. 27671, 27707
L0 | [ 13216 | 172833
=0.2f = WAVER AN

0 1 L 1 1 I 1 1 1 1 ol—i — Ny - O N "7|/ ) R B S —
26000 26500 27000 27500 28000 28500 29000 29500 27620 27660 27700 27740 27780 27820
Counts(%) vs. Deconvoluted Mass/amu Counts(%) vs. Deconvoluted Mass/amu

(C) +Scan(r. t., 6.717 min) 4.d Deconvoluted(Isotope width=10.5) 3 | (D) +Scan(r. t., 6.693 min) 5.d Deconvoluted(Isotope width=10.5)
S 4 27707.15 S zror.le
& 1710000 s NH 7100.00
o [MTowEs |5y
g S ‘ ‘
E | ‘w 5. £ “[(HO).B 94/ Obs. 27686, 27707

& | >
S af (HO:B 2772898 8 il 049 1 arms 62
=an 27689.03 | 28,64 27750 43 5 |\ || 2804
10.83 | | A 11.31 / ‘

T S N ~ - i — | — T~ { — 1 1 1
27620 27660 27700 27740 27780 27820 27620 27660 27700 27740 27780 27820
Counts(%) vs. Deconvoluted Mass/amu Counts(%) vs. Deconvoluted Mass/amu

Fig.2 MS spectra of Suzuki reaction of purifified sSfGFP-Y 1511Phe protein with(1-methylpyridin-1-
ium-4-yl)boronic acid(B), p-tolylboronic acid(C), 4-pyridineboronic acid(D) and 4-(amino-

methyl)phenylboronic acid(E)

T LA ESEREE A, P Sonogashira (B SN I LR SEIRATFTTT Y. BATIAY , TR =R
JEF B BB 1 BN R BRI AT LR SR 1B 4 R S P R B R R 0L, AT R
IFATe

SEG R el G s BN A I B AR, TS R R A AR AR IR A Y
Fefz (BynK 3% PynK) & 2 Sonogashira {83 52 i [ Scheme 3(A) |, 15 MBI AR AR G SERRFPS | i

Scheme 3 Schematic diagram of Sonogashira coupling reaction(A) and screening of reaction condition(B)
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AEFNFPE L SO /NGy T FRZE 3 A7 AL T S5 5 1 4544 [ Scheme 3(B) 1.

FET T K 5B (WA SO 4505 B S1ATS2) AT A1, 12 5 SAEFI[ PA(NO,), PEG-2k 1%
SR BERT , 2 1ARIEF 7 PynK BBE_EHF 1E BT & AR5+ [ Scheme 3(B) Hi/NVTF Z3 )77
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Fig. 3 Mass spectra of complete Sonogashira coupling reaction of purifified sSfGFP-Y151PynK protein
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