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Abstract Many important cellular events, including protein-DNA interactions, are attributed to weak interactions. Almost
all of the known biological functions of P53 depend critically upon its DNA-binding properties via numerous weak interac-
tions. At the single-molecule level, information about the weak interactions between each residue of the P53 DNA binding
domain (P53 DBD) and DNA is essential for understanding the biological function of P53 and for anti-cancer drug design.
Here, we used the a-hemolysin (a-HL) pore to detect the weak interaction between a peptide of the P53 DBD (P53-P) and a
40-bp double-stranded DNA (B40) that includes the p21**“P! DNA response element. The weak interactions in the complex
of p53-P and B40 (p53-P:B40) produce a unique current trace through an a-HL nanopore with diagnostic ionic current
blockages. Each current trace at a particular potential is related to the characterized behavior of captured p53-P:B40.
Nanopore analysis indicates that the conformation of B40 might be changed by binding to p53-P, this change is confirmed by
the molecule docking simulation. In the presence of the weak interactions between p53-P and B40, the analyte exhibits an
increase in the rate constant of association with the nanopore vestibule. This reveals that the analyte-pore interactions could
be enhanced by the weak interactions between pS3-P and B40. The distorted B40 might be prone to translocate through the
narrow constriction in the nanopore at the higher potential (> -+ 120 mV). Moreover, our findings demonstrate that the struc-
ture of distorted B40 in p53-P:B40 could be broken by the electric force. Our results support the possibility of identifying the
weak interaction between two biomolecules. In addition, the analyte-pore association rate constant could be used to estimate
the weak binding energy between different parts of the p53 binding domain and the target sequence. The signatures of the
current trace may assist in the prediction of the conformational changes of biomolecules at the single-molecule level. Our
observations suggest that a biological a-HL nanopore could be a candidate biosensor for predicting the conformational
changes that result from weak interactions.
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Figure 1 Detection of weak interactions between P53-P and B40 by an a-HL nanopore

(a) A biological a-HL nanopore is embedded in a lipid bilayer. The potential across the bilayer membrane is applied through Ag/AgCl electrodes. Each of the four
bound P53-P peptides occupies a single pentanucleotide quarter-site of B40 and faces outward, away from the DNA, in the same direction. (b) The model of the
structures of P53-P. (c) The sequences of P53-P and B40. B40 contains the 20-bp p21**""“P! DNA response element, as shown in the box.
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Figure 2 Detection of 0.25 pmolL ' B40 by an a-HL nanopore

The histograms of the blockage current at an applied potential of +100 mV (a), +120 mV (b) or +150 mV (c). The current distributions could be fitted to Gaus-
sian functions. (d) Scatter plots of the current transient of B40 at + 150 mV. The events could be divided into three distributions: PI in the yellow block, PII-I in the
blue block and PII-II in the red block. (e) Independence of zosrshort and the applied potential. The values of 7ofrshort Were obtained by fitting the short durations of
events in PI and PII-I to single exponential functions. (f) The plots of zos.1ong Versus the applied potential. The values of 7osr.10ng Were obtained by fitting the long dura-

tions in PII-II to single exponential functions.
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Figure 3 Detection of P53-P:B40 by an a-HL at applied potentials of +80 and + 100 mV, respectively

(a) A histogram of the blockage current for P53-P:B40 at an applied potential of 480 mV. (b) The raw data for P53-P:B40 at an applied potential of +80 mV. (c)
A histogram of the blockage current for P53-P:B40 at an applied potential of +100 mV. The captured events of p53-P:B40 fall into the distribution at a higher
blockage current ranging from 7/7,=0.6 to 1.0. (d) The typical current trace for p53-P:B40 at an applied potential of +100 mV. The current trace with excess noise
at a higher current state is classified as type 2. The current trace with excess noise at a lower current state is classified as type 3. (¢) Conformational changes of B40
upon P53-P binding. The binding sites for P53-P and B40 are labeled as Ser®"', Ser®** and Arg**® and Gua'*"®, Thy'*"2, Ade'®"" and Cyt'""’, respectively.
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Figure 4 Detection of P53-P:B40 by an a-HL at applied potentials of
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(a) A histogram of the blockage current for P53-P:B40 at an applied potential
of +120 mV. (b) The current traces for P53-P:B40 at an applied potential of
+120 mV. The type 4 event exhibits a “spike” followed by excess noise. The
type 5 event exhibits a “spike” following by the steady “step”. (c) A histogram
of the blockage current for P53-P:B40 at an applied potential of +135 mV.
(d) The typical current trace for P53-P:B40 at an applied potential of +120
mV. The current traces were categorized as type 5.
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(SR ZUEAH HAE AR 2591 B4 [We Bk Ak
— AR, AR EP S TN o-HL B
AREEFIN AL, A 575 ) PR ek JELAEUR 22 ) 4 Ko
T 43R 7 vk m] R DS 0 G A A 0 K 43 1 TR 1 55
FEAER. JUHOZ, &7 ik BWTE 5 nr FH LA 5 5y
TR BSR4y F 2 100 55 A0 FAE 51 R )
53k

4 EKWERS
4.1 KB

a-HL W4J3%F- Sigma-Aldrich A&, ff I AKiE—
4lit,. DPhPC (Diphytanoyl-phosphatidyl-choline) /¥y H
Avanti Polar Lipids 72A &) . ASZE6HR 4 %15 51 (PDB
code: 1TUP)¥ it P53-P 15 B40 (/541 SE5 i S8 % 17 e
BEH Invitrogen Life Technologies 2~ F] & k. A T K
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B40, HiE DNA WIRSCAE 95 “CIEK 10 min, J5A I
FIR. IR, AE 1 mL cis SHEIH A B40 R A
0.25 pmoleL ™", XFHEsEEh, SR B40 H4% DNA 1 1
mL cis Sk A E A 0.15 umoleL ™!, 41k 5' TGG
CCA TCA GGA ACA TGT CCC AAC ATG TTG AGC
TCT GGC A 3'.

P53-P i SANGON Biotech 2w & . SZEHT, ¥
P53-P ¥fE T 0.5% - FF3EIF H/K #9H (10 mmoleL ™!
Tris-EDTA, pH=7.8) i TCEP (Pierce A wl)AbFE.
KA By TS INE, P53-P 7E 1 mL cis SiAar I 7 1
mL trans SRt A RN 6.2 pmoleL ™", 7t o-HL 7=
Y9k 30 TG A B PS3-P/B40 AW, 0.62
nmol P53-P #2574 0.14 nmol B40 & & )57 A 1 mL cis
i RS L. ARSI BT FH R ) B R T 2 B A0 34 Ok 43 B 4l
S K A IR ZEROK.

4.2 PKIBERESFHENKE

TE A FRATTAE 25 1) S0 CARIE 1 oK IE T
TR gz 6 5 g1 00106 1261241 oA i 3 o — 4 Ag/AgCl HE
AR 10 B8 I R 4 R 94 i Jt T 9K ) L P 48 58 trams Wi
KEETIHL. cis 5 trans R T2 BN 1 moleL™!
KCI f) 10 mmoleL ' Tris-EDTA % ¥%(pH 7.8). 5K kA
SEMBEIE XU 2R, AE cis Syt i\ 10 uL
15 pg/mL a-HL. 4 a-HL {ERENIE RS> T2 A 4388
J— AT AR TE I, 3 Uk A AP R AR
RBNFFFLHRL. B, BRI AR 43 I ONAS 0 i
11 3 kHz JIE% T LA 10 kHz SRR TE Sl k. Ak
%K JH Dagan /A ][] ChemClamp FELJ K %% LA S Axon
Instruments A ) DigiData 1440A Fbiit 4.

4.3 HARBERDFHRITEELE

BB, B VL<15 pA [0 M T3,
A2 b, BN BT LR R T 15 pA I EE4FE
I 49 Matlab K444 25453 21) I BH BT ELIE R BELIT R (7).
G AR I B () B 5 2 2N 2

h=3.50Xn""?

T o G R RRE R 22, n WG Th N4

SINT)-0-HL AHEAEFHE5 B H A kons BT EL Koge
KOV A K, VA 550k

kon™ 1/(TonCanalyte)

kote=1/Toss

K= konlkott
FEH, Canatyte A3 HTAEAS It o 3R 5
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