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Peptide sequences

CDR3: STIYASYYECGHG
P1: CGSTIYASYYESGHGC
Plm: CGSTIYASYYESGHG
Pls: CYTYGISHGGSASYEC

P1

(random coil) HS-PEG-SH /H
~J

r\J\/D —> é PINP 7

RGOS AR R SR, ARTE BT
R ', 88| A SH-PEG-SH 4 B Z Kt 4 T
o 4, MEHURSARYUA TAE—FE, R TXH
BRI TR, ASCHMZAXTIRZAL, Plm
FMIPls, W BEMi%] PINPs 1. Hid, PImiX
L PL T Couf 2 ezl iR . 3 RE — i il 22 E
PINPs [, [AIMJCIE X HAY LA TG 342, Pls
ELAT P A SRR AL A, 7E PR AR AT 2 4
fi, H ]8I BE 58 e FTEL, PLs B FHRAE R AN
WA REER A BV X IR Z IR, WA % T
T LATE PINPs 53, T PENPs FMIZ K E 54
(PENP-Pep) X7 BT it il 155 1103110 1) 2 18 WGP 1 12 A
P{NP-P1>PtNP-P1m>PtNP-Pls.

Native
conformation
reconstructed

Specific binding
-

Anti-HEWL
Platinumbody

Fig.1 Scheme of the design of the anti-HEWL Platinumbody
Reconstruction of the native conformation of the CDR3 fragments of the anti-lysozyme antibody (cAB-lys3) onto a PtNP results in an anti-HEWL

artificial antibody (Platinumbody), in which polyethylene glycol with two terminal —SH (HS-PEG-SH, molecular mass ~1 ku) helps to reduce non-

specific interaction. For clarity, only two peptides and two PEGs are shown on the Platinumbody.
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Fig.2 Characterization of PtNPs
(a) TEM image of the PtNPs. (b) Size distribution of the PtNPs.

FIF AAS X4 8019 PEINPs B G v B 64T 2 23.77 mg/LAE RS Th PINPs & 5. 454 TEM I
i R R, FESLREIEAT R, 50 R PINPs RIAZZ R 2.5 nm, RAEA (1), iT5E
Bl ALie TR EE L. BURFEHER S E 5215 R H k1 PINPs #( 5 4 225 nmol/L.

Table 1 Pt contents of the PtNP solutions determined by AAS

Element Batch1/(mg-L™") Batch2/(mg-L™) Batch3/(mg-L™) Average/(mg-L™")
Pt 22.83+0.68 24.13+0.22 24.35+0.96 23.7740.63
2.3 SAKMEIHIEPINPsHIIE{L 1 B R AL SR 22 KB T il 5 PEINPs 7K 4Rz 42 4 728 Ak g 47 )

LA Z IR B PINPs (AR RAFE RAFRY . K4 PR, 22 KB R PINPs FHEL TR 8
OYELME, RARBONY — (F3). R, B TE B PINPs Riie kA TG K. KGR
PERAEZ R IME 1 PINPs 32T, SRITAUORRE  HEIEW] 1 22K B e PEINPs KT

Fig.3 TEM images of PtNP—peptide conjugates
(a) PINP-P1. (b) PINP-P1m. (c) P{NP-P1s.
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Fig. 4 Sizes of PtNPs and PtNP—peptide conjugates in
water characterized by dynamic light scattering ( DLS )
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B, SEAE 2.5 nm AY PEINPs 32 I 4% 1 60 25 £ Jik
(185 A PINP-60P1, FHAMAKILISHE) , XEMPLE
BRREG PEREA T T2 o &1 6 T O o TR 6 &5

ZEH . 30 nmol/L Y PENP-60P1 1] L4 i 25 Hly 417 1] %5
BEER T E, {5 30 nmol/L fi¥ PINP-60P 1s 13 ELAT 4%
SRIPEIRE J), W] PINP-60P1s 7775 B B (9 AR 45 =
PEAHEAE o R 000 500 X ol P 417 ) 23 B o 2 174 4
TINAEAE ML AN , 30 nmol/L & 45 # 11 PINP-60P1
HIPINP-60P Im (5 AP HA EE, HBL B2 H A
ZHEP TS . i T /R PEINP-60P1 il PENP-60P1m
IHIRE ST 225, SR T 15 nmol/L B 9 25 X5
VBTG IR RE 1 o SR R, U R AR E
15 nmol/L Ji5, PtNP-60P1 X175 11 Bt A4 1l A 1 %2 bk
F9R T PINP-60P1m, #I5 on i TS TR AISL
B O(E6), R4 PINP-PIm ANGERHIZ kS, A
Plm A% B HLAT (055 /936 4, ifi 5 i T &> PENP-
Plm LA 60 552 K, Z M0 REHS I 1558 Plm
A PE, i3 PENP-P1m 3 31 H % 55 T PINP-Pls
PIIIIEE T, (R0 A et k.

(@ (b) ) ) (©)
00k 0 : Total P inreaction | - : Total P1m in reaction 5o : Total P1s in reaction
...... . —— : Filtrate —: Filtrate — : Filtrate
200F -
150F
8 8 150 g 100
2 2 2
S 100t S S
: £ oot :
2 Y 3 g sof
= 5ol = sob =
0 e 0 L e ol LT TPPR 0 L r——
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Fig. 5 Conjugation efficiency shown by the fluorescence spectra of the total peptides ( dotted black lines ) before

conjugation onto PtNPs and the free peptides ( red lines ) after conjugation

(a) Conjugation of P1. (b) Conjugation of P1m. (c) Conjugation of Pls.
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I : PiNP-60P1
B : PtNP-60P1m
[ : PtNP-60P1s
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Fig. 6 Inhibition of the enzymatic activity of lysozyme by
the PtNP—peptide conjugates with different concentrations
*P<0.05, **P<0.01.
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ANBEFEAIR PEINP-P1s XI5 B iff (1) 3F R S e B (&1
7)., Xl X B AT BE L NPs AR A [ ) 227,
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ik TRl EAR PIs FRAI B 4T AL, (HPIsRE S H
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Fig.7 Inhibition of the enzymatic activity of lysozyme by
the PtNP-xP1s conjugates with various peptide densities on
the surface of PtNPs
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PRI TS PRI A 25 5, nT WP B G %) 100 o]
it 11 02 T AE 8 X B ) PINP-10PEG-30P1m Al
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M 24 HEROW AR 2 R K>, [REE PEG 951
AR T EABT AT TR A AR R S B . PRk
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Fig. 8 Reducing non—specific interaction by PEG and optimizing specific interaction by adjusting the density of P1 on PtNPs

(a) Reducing the non-specific interaction by conjugating different numbers (x) of PEG, as shown by the inhibition of lysozyme by PtINP-20P1s-xPEG.
(b) Optimizing the density of P1 to maximize the inhibition of lysozyme by PtNP-20P1-10PEG-xP1s, the number of P1 was kept constant to prevent

multivalency effect for accurate evaluation of the effect of peptide density. *P<0.05, **P<0.01.
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AT B Z /T, 8 NPs 01 48 I 74k
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NPs Al BER 25 T s, Wt A fid G g
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Fig. 9 Inhibition of lysozyme by the anti-lysozyme
artificial antibody (Platinumbody, P(NP-10PEG-30P1)
and the two controls that can not restore the native
conformation of the CDR fragment
*#%P<(.005.
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Abstract Objective  Recent successful restoration of the native conformation and function of the
complementary-determining regions (CDRs) of antibodies on gold nanoparticles (AuNPs) demonstrates that the
era of molecular conformational engineering is dawning. Basically, molecular conformational engineering aims to
precisely tune flexible non-functional molecules into special conformations to carry out novel functions, in the
same way as protein folding. In order to explore the general applicability of molecular conformational
engineering, as well as to reveal the mechanism of protein structure-function relationship, the objective of this
work is to restore the native conformation and function of the CDRs of an antibody on platinum nanoparticles
(PtNPs). Methods The CDR fragment of the anti-lysozyme antibody cAB-lys3, which has no stable
conformation or function in free state, was conjugated onto the surface of PtNPs through two Pt-S bonds. The

original antigen-recognizing function of the CDR restored on PtNPs was assessed by the specific inhibition of the
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enzymatic activity of lysozyme by the PtNP-CDR conjugates. Results After optimization of the peptide density
on the surface of PtNPs and modification of PtNPs with polyethylene glycol (PEG), the resulted PtNP-based
hybrid artificial antibody (PtNP-10PEG-30P1), dubbed Platinumbody, could bind specifically to lysozyme and
significantly inhibit the activity of lysozyme. Conclusion This is the first time that the fragment of a protein
could refold on PtNPs. Together with the previous Goldbody and Silverbody, current work demonstrates that
artificial proteins could be generally created by restoration of the native conformation of natural proteins
fragments on NPs.
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