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Anexa nr.1 

Formularul de auto-evaluare a performanțelor, în vederea obținerii unei gradații de merit 

Institutul de Cercetări Interdisciplinare – Departamentul Științe 

CRITERIUL DESCRIPTORI PUNCTAJE ACORDATE 
I. ACTIVITATEA 
DE CERCETARE 
(80%) 

1. Articole ştiinţifice publicate in extenso în reviste cotate Web of
Science, Clarivate Analytics 

60 puncte x AIS + 25 
Pentru articole publicate în 
calitate de autor principal 
(prim autor sau autor 
corespondent) 

(60 puncte x AIS + 
25)/numărul de autori 
Pentru articole publicate în 
calitatre de co-autor 

1. Schiopu, I; Dragomir, I and Asandei, A, Single molecule technique 
unveils the role of electrostatic interactions in ssDNA-gp32 molecular 
complex stability, RSC Adv., 2024, 14, 5449 
AIS = 0.598: (60 x 0.598 + 25)/3 = 20.29 
2. Bucataru, Ioana C.*; Dragomir Isabela*; Asandei Alina; Pantazica
Ana-Maria; Ghionescu Alina; Branza-Nichita Norica; Park 
Yoonkyung; Luchian Tudor; Probing the Hepatitis B Virus E-Antigen 
with a Nanopore Sensor Based on Collisional Events Analysis, 
BIOSENSORS-BASEL Volume12 Issue8, Article Number596, AUG 
2022, * These authors contributed equally to this work. 
AIS = 0.807: 60 x 0.807 + 25 = 73.42 
3. Mereuta Loredana; Asandei  Alina; Dragomir Isabela; Park
Jonggwan; Park Yoonkyung; Luchian Tudor; A Nanopore Sensor for 
Multiplexed Detection of Short Polynucleotides Based on Length-
Variable, Poly-Arginine-Conjugated Peptide Nucleic Acids, 
ANALYTICAL CHEMISTRY, Volume94, Issue24, Page8774-8782, 
JUN  2022 
AIS =1.303: (60 x1.303 + 25)/6 = 17.20 
4. Dragomir, I; Asandei, A; Schiopu, I; Bucataru, IC;
Mereuta, L; Luchian, T., The Nanopore-Tweezing-Based, Targeted 
Detection of Nucleobases on Short Functionalized Peptide Nucleic 
Acid Sequences, POLYMERS, 2021, 13(8), 1210 
AIS=0.611 : 60 x 0.611 + 25 = 61.66 
5. Schiopu, I; Asandei, A; Mereuta, L; Dragomir, I; Bucataru,
C; Luchian, T., SINGLE-MOLECULE DETECTION AND 
MANIPULATION WITH BIOLOGICAL NANOPORES, STUDIA 
UNIVERSITATIS BABES-BOLYAI CHEMIA, 2021, 66(3), 161-
174 
AIS = 0.062: (60 x 0.062 + 25)/6 = 4.79 
6. Asandei Alina, Di Muccio Giovanni, Schiopu Irina, Mereuta 
Loredana, Dragomir Isabela, Chinappi Mauro, Luchian Tudor, 
Nanopore-Based Protein Sequencing Using Biopores: Current 
Achievements and Open Challenges, Small Methods, 4(11), 1900595, 
2020 
AIS = 3.16: (60 x 3.16 + 25)/7 = 30.66 
7. Dragomir Isabela S., Bucataru Ioana C, Schiopu Irina,
Luchian Tudor, Unzipping Mechanism of Free and Polyarginine-
Conjugated DNA-PNA Duplexes, Preconfined Inside the alpha-
Hemolysin Nanopore, Analytical Chemistry 92(11), 7800 – 7807, 
2020 
AIS = 1.382: 60 x 1.382 + 25 = 107.92 

328.70 pct. 
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CRITERIUL DESCRIPTORI PUNCTAJE ACORDATE 
8. Loredana Mereuta, Alina Asandei, Isabela S. Dragomir, 
Ioana C. Bucataru, Jonggwan Park, Chang Ho Seo, Yoonkyung 
Park, Tudor Luchian, "Sequence-Specific Detection of Single-
Stranded DNA with a Gold Nanoparticle-Protein Nanopore 
Approach", Scientific Reports, 10, 11323, 2020 
AIS = 1.285: (60 x 1.285 + 25)/8 = 12.76 
2. Cărți științifice de autor (monografii, tratate, îndrumare, culegeri) 
publicate (pentru prima ediție*) în edituri:  

În străinătate: 30 puncte la 
100 pagini/ număr autor, 
indexate WorldCat  
 
(https://www.worldcat.org/) 

3. Contracte de cercetare științifică obținute prin competiție derulate 
în ultimii 5 ani prin Universitate 

Finanțare Internațioanlă sau 
Națională 
 
director de proiect: 
100 puncte x (valoare grant 
in euro)/ 100.000 euro 
 
Membru echipa proiect: 
25 puncte x (valoare grant în 
euro)/ 100.000 euro/nr. 
Membri echipă 

19.12.2024: 1 euro = 4.98 lei 
- Director de Proiect Grant Intern GI-UAIC-2023-1, Nr 
1/03.01.2024, titlul: OPTIMIZAREA METODEI DE 
SECVENȚIERE CU NANOPORI: DISCRIMINAREA 
AMINOACIZILOR DIN STRUCTURA PRIMARĂ A UNOR 
PEPTIDE CU STRUCTURĂ DE MACRODIPOL, 50.000 lei. 
(10.040 euro)  
100x10.040/100.000 = 10.04 pct 
- Asistent de cercetare în cadrul proiectului nr. TE 18/2020 PN-
III-P1-1.1-TE-2019-0037, Detecţia multiplă şi ultra-senzitivă a 
fragmentelor scurte de acizi nucleici, utilizând nanoparticule 
de aur şi nanopori proteici, (NANOSENSEDNA), 431.900 lei  
25x(86.727 euro / 100.000)/ 4 = 5.42 pct 
- Asistent cercetare ACS în cadrul proiectului PCE 69 cod PN-
III-P4-ID-PCE-2020-0011, Detectia multiplex, cu 
sensibilitate si selectivitate moleculara, a unor miRNAs 
relevante fiziologic, cu ajutorul unor xeno acizi nucleici 
(RNANANODETECT), 1.198.032 lei 
25x(240.569 euro / 100.000)/6 = 10.02 pct 
Doctorand în proiectul cod PN-III-P1-1.2-PCCDI-2017-0010, 
contract numarul 74PCCDI, titlul: Tehnologii moleculare 
emergente bazate pe sisteme micro si nano-structurate cu 
aplicati biomedicale, 687.000 lei 
25 x (137.952 / 100.000)/4= 8.62 pct 

 
 
 
 
 
 
 
 
 
 
 
 

34.11 pct 

4. Brevete internaţionale: 75 puncte / 
număr de autori 
naţionale: 25 puncte / număr 
autori 

5. Produse și/sau servicii inovative cu impact economic demonstrabil 
prin documente emise de autorități legale (OSIM, RENAR, ASRO) 

în străinătate: 40 puncte / 
număr autori 
în țară: 30 puncte / număr 
autori 

6. Citări și recenzii ale creației de autor obținute în ultimii 5 ani (exclus 
autocitările/ o citate se va cuantifica o singură dată) 

în reviste de specialitate 
indexate Web of Science, 
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CRITERIUL DESCRIPTORI PUNCTAJE ACORDATE 
Clarivate Analytics: (10 + 
20 x AIS) / număr autori 

Notă: AIS-ul este al revistei 
care citează 

ANEXĂ: Listă citări 1069.48 pct. 

Citate în cărți din străinătate: 
1 punct/ număr autori 
Citate în cărți din țară: 0.25 
puncte / număr autori 

7. Participare la conferințe științifice (dovedite cu ordin de deplasare,
program, certificat de participare, etc.) 

în calitate de keynote/invited 
speaker 

internațională: 25 de puncte 
pentru fiecare activitate 

națională: 15 puncte pentru 
fiecare activitate 
în calitate de speaker, 
(prezentare orală) 

internațională: 10 de puncte 
pentru fiecare activitate 

națională: 5 puncte pentru 
fiecare activitate 

22/10/2020 – 24/10/2020 
Conferința națională a doctoranzilor din Consorțiul Universitaria 
pentru domeniile Matematică, Informatică, Fizică CSDCU-MIF 
2020, online,  
Isabela S Dragomir, Alina Asandei, Corina Ciobănașu, Irina 
Schiopu, Ioana Cezara Bucataru, Tudor Luchian, Studiul 
interacțiunilor dintre molecule de interes biologic și sisteme lipido-
proteice model – invited speaker – 15 pct 

22-23.10.2020 
Conferinta Scolilor Doctorale din Cadrul Universitatii 
"Alexandru Ioan Cuza"din Iasi – POCU, online,  
Isabela S Dragomir, Alina Asandei, Tudor Luchian, Discriminarea 
între secvențe nucleotidice scurte cu ajutorul nanoporului de α-HL – 
oral presentation – 5 pct 

05/2020 – Brașov, România 
Conferința Națională de Biofizică Ediția a 16a, CNB 2020  - online 
Ioana C. Bucataru, Isabela S. Dragomir, Irina Schiopu, Tudor 
Luchian, ”Nanopore-based investigation of PNADNA duplexes 
unzipping mechanism” – 5 pct 

06/2022 – Brașov, România 
The 6th Int. Conference on Analytical and Nanoanalytical 
Methods for Biomedical and Enviroment, IC-ANMBES 2022 
Isabela S. Dragomir, Alina Asandei, Irina Schiopu, Ioana C. 
Bucataru, Loredana Mereuta, Tudor Luchian, „Detection of 
nucleobases on short functionalized peptide-nucleic acid sequences 
using nanopore-tweezing method” – 10 pct 

09/2022 – Târgu Mureș, România 
Conferința Națională de Biofizică, Ediția a 17-a, CNB 2022 

65pct 
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CRITERIUL DESCRIPTORI PUNCTAJE ACORDATE 
Isabela S. Dragomir, Alina Asandei, Irina Schiopu, Ioana C. 
Bucataru, Loredana Mereuta, Tudor Luchian, „A tug-of-war between 
electric forces: The nanopore-tweezing method applied in molecular 
sensing” – 5 pct 
 
28 octombrie 2023 – Iași, UAIC 
Conferința ştiințifică studențească Fundamental and Applied 
Research in Physics FARPHYS 2023 
Adina-Georgiana Cîmpanu, Isabela Ștefania Budacă-Dragomir, 
Tudor Luchian, ”Comportamentul peptidei antimicrobiene 
alameticină în interacțiunea cu membrane lipidice biomimetice” – 5 
pct 
 
September 5th-7th 2024 Iași 
The 18th National Conference of Biophysics, CNB 2024  
Isabela Dragomir, Irina Șchiopua, Loredana Mereuțăb, Radu Oiță, 
Alina Asandei, Tudor Luchian, ”When Copper Ions Met ssDNA 
molecules: A Story at Nanometric Level” – 5 pct 
 
17-20 September, 2024, Brasov, Romania  
IC-ANMBES 2024 
Isabela Dragomir, Irina Schiopu, Loredana Mereuta, Alina Asandei, 
Tudor Luchian, ”How Much is Too Much: a Study on the Influence of 
Copper Ions Concentration on DNA Structure” – 10 pct 
 
 5/2024 Iași 
A LIII-a Conferinţa Naţională FIZICA ŞI TEHNOLOGIILE 
EDUCAŢIONALE MODERNE – FTEM 2024 
Gabriel Berculean, Isabela Dragomir, Loredana Mereuță, ” 
Înregistrări electrofiziologice ale curenților ionici mediați de diverși 
nanopori inserați în bistraturi lipidice” – 5 pct 
8. Lucrări științifice în rezumat În reviste indexate Web of 

Science, Clarivatre 
Analytics, cu factor de 
impact (20 x AIS + 5) / 
număr autori 

9.  Profesor invitat la universități, centre și institute de cercetare (la inițiativa 
probată a instituției gazdă) 

În străinătate: 25 puncte 
pentru fiecare activitate 
În țară: 10 puncte pentru 
fiecare activitate 

10. Poziții de conducere în organizații științifice ori profesionale Internaționale: 20 puncte; 
naționale: 5 
puncte/organizație 

11. Membru al Academei Române și al academiilor din străinătate Membru al Academiei 
Române: 100 puncte; 
 
Membru al Academiilor din 
străinătate (exclusiv 
academii care acceptă 
calitate de membru contra 
unei taxe): 500 puncte; 

12. Editor, membru în echipa editorială la (se va puncta o singură dată 
pentru fiecare perioadă de 5 ani): 

Reviste indexate Web of 
Science, Clarivate Analytics 
 
Editor: 20 puncte/activitate; 
 
Membru în echipa 
editorială: 15 puncte/ 
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CRITERIUL DESCRIPTORI PUNCTAJE ACORDATE 
activiate; 
Anale UAIC, reviste UAIC, 
reviste indexate BDI 
 
Editor: 0.5 puncte/activitate; 
 
Membru în echipa 
editorială: 0.1 
puncte/activitate; 

13. Referent (peer-reviewer) Reviste de specialitate 
indexate Web of Science, 
Clarivate Analytics: 
 
0.1 puncte/ activiate 

 
 
 
 
II. ACTIVITATEA 
INSTITUȚIONALĂ 
(20%) 
 

  
1.1. Activități de promovare UAIC; Caravana UAIC; participare târguri, 

expoziții, evenimente intituționale 
1.2. Responsabil evaluări ARACIS 

5 puncte pentru fiecare 
activitate/pe an 
 
5 puncte /deplasare 

• Noaptea Cercetătorilor la UAIC, Iași (27 septembrie 2024) 
• ZIUA CERCETĂTORULUI LA UAIC, Ediția a II-a, 25 

octombrie 2023 
• Noaptea Cercetătorilor la UAIC , Iași (29 septembrie 2023) 
• Știința, simplu - Training de comunicare a științei organizat 

de Mădălina Cocea, UAIC, invitat:  Isabela Budacă-
Dragomir, 24.05.2023 

• Noaptea Cercetătorilor la UAIC, Iași (30 septembrie 2022) 
• Games of Science, București (17-18 iunie 2022) 
• ZIUA CERCETĂTORULUI LA UAIC, Ediția I, 27 

Octombrie 2022 ORGANIZAT DE  Zilele Universității 
„Alexandru Ioan Cuza” din Iași 4-31 Octombrie 2022 

• Minds on Physics!, Facultatea de Fizică – UAIC, Prezentări 
de popularizare a științei, online, 2021  

 
 
 
 
 
 
 
 
 
 

40 pct. 

2. Organizare manifestări științifice (conferințe, congrese, colocvii) și 
școli de vară, demonstrabile cu link la pagina web 

internaționale: 
coordonator: 15 puncte / 
activitate; 
 
membru comitet organizare: 
5 puncte /  activiate; 
 
naționale: 
coordonator: 10 puncte / 
activitate; 
membru comitet organizare: 
3 puncte /  activiate; 

3. Responsabilități în cadrul Universității, facultăților și în cadrul 
departamentelor conexe activităților de cercetare 

Rector: 50 puncte anual; 
 
Prorectori, Director CSUD, 
Director FC/ID/IFR: 45 
puncte anual; 
 
Decani: 40 puncte anual; 
 
Prodecani, Directori 
Departamente 
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CRITERIUL DESCRIPTORI PUNCTAJE ACORDATE 
interdisciplinare, Director 
Școală Doctorală, Director 
ID, Director Centrul de 
Studii Europene, Grădina 
Botanică, Muzee, Stațiuni de 
Cercetare: 35 puncte anual; 

Director departament 
facultate: 30 puncte anual; 

Coordonator laborator, grup, 
colectiv: 10 puncte anual 

4. Responsabilitărți în cadrul Senatului Universității / Consiliului 
facultății / Consiliul departmanetului. 

Senat: preșendinte – 30 
puncte anual/ vicepreședinte 
– 25 puncte anual/
președinte al unei comisii de 
specialitate – 20 puncte 
anual/ membru – 15 puncte 
anual 
Facultate: 10 puncte anual 
Departament: 5 puncte anual 

5. Membru în comisii ale universității avizate de Senat (Comisia de
Etică, Comisia pentru managementul calității, Comisia de
regulamente, etc.)

10 puncte anual / comisie 

6. Membru în comisii concurs în vederea ocupării un post didactic
ori de cercetare în învățămantul universitar

5 puncte/ comisie 

7. Membru comisii de doctorat (admitere, îndrumare și susținere
publică)

Străinătate: 5 puncte pentru 
fiecare activitate; 

Țară: 2 puncte pentru fiecare 
activitate 

8. Proiecte pentru mobilități de tip grant Coordonator: 20 puncte x 
valoarea proiectului / 
500.000 Euro 
Membru: 10 puncte x 
valoarea proiectului / 
500.000 Euro/ numărul 
membrilor echipei 

Punctaj total: 80% (1497.28) + 20% (40) = 1205.83 pct. 

CS III dr. Isabela-Ștefania Budacă-Dragomir 
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ANEXĂ PUNCTAJ CITĂRI 

 Citări anul 2020 

Unzipping Mechanism of Free and Polyarginine-Conjugated DNA-PNA Duplexes, Preconfined Inside the α-Hemolysin Nanopore, 
Dragomir, I.S., Bucataru, I.C., Schiopu, I., Luchian, T., Analytical Chemistry, 2020, 92(11), pp. 7800–7807 

1. Harnessing biological nanopore technology to track chemical changes, By: Yin, Yun-Dong; Zhang, Long; Leng, Xuan-Zheng; et
al. TRAC-TRENDS IN ANALYTICAL CHEMISTRY   Volume:  133     Article Number: 116091   Published:  DEC 2020, AIS:
1.963 

2. Analytical model for particle capture in nanopores elucidates competition among electrophoresis, electroosmosis, and
dielectrophoresis, Chinappi, M., Yamaji, M., Kawano, R., Cecconi, F. 2020 ACS Nano, 14(11), pp. 15816-15828, AIS: 3.689

Nanopore-Based Protein Sequencing Using Biopores: Current Achievements and Open Challenges, Asandei Alina, Di Muccio 
Giovanni, Schiopu Irina, Mereuta Loredana, Dragomir Isabela, Chinappi Mauro, Luchian Tudor, Small Methods, 2020, 4(11), 
1900595 

1. Non-Receptor-Mediated Lipid Membrane Permeabilization by the SARS-CoV-2 Spike Protein S1 Subunit Asandei, A; Mereuta,
L; (...); Luchian, T Dec 16 2020 ACS APPLIED MATERIALS & INTERFACES 12 (50) , pp.55649-55658, AIS: 1.703

2. Peptide-based identification of Phytophthora isolates and phytophthora detection in planta, Open Access, Berka, M., Greplová, M., 
Saiz-Fernández, I., (...), Brzobohatý, B., Černý, M. 2020 International Journal of Molecular Sciences, 21(24),9463, pp. 1-17, AIS:
1.123 

3. Voltage-Dependent Transport of Neutral Solutes through Nanopores: A Molecular View Prajapati, J.D., Kleinekathöfer, U. 2020
Journal of Physical Chemistry B, 124(47), pp. 10718-10731, AIS: 0.732

4. Unveiling the heterogenous dephosphorylation of DNA using an aerolysin nanopore Long, Y.-T., Li, M.-Y., Ying, Y.-L., 
(...), Wang, Y.-Q., Wu, X.-Y. 2020 ACS Nano, 14(10), pp. 12571-12578, AIS: 3.689

5. Machine Learning to Improve the Sensing of Biomolecules by Conical Track-Etched Nanopore Meyer, N; Janot, JM; (...); Balme,
S Oct 2020 BIOSENSORS-BASEL 10 (10), AIS: 0.911

6. Enabling nanopore technology for sensing individual amino acids by a derivatization strategy, By: Wei, Xiaojun; Ma, Dumei; Jing,
Lihong; et al., JOURNAL OF MATERIALS CHEMISTRY B   Volume:  8   Issue:  31   Pages:  6792-6797   Published:  AUG 21
2020 , AIS: 0.923

7. Application of solid-state nanopore in protein detection Open Access, Luo, Y., Wu, L., Tu, J., Lu, Z. 2020 International Journal of
Molecular Sciences, 21(8),2808, AIS: 1.123

8. The Promise of Nanopore Technology: Advances in the Discrimination of Protein Sequences and Chemical Modifications By:
Cressiot, Benjamin; Bacri, Laurent; Pelta, Juan, SMALL METHODS   Volume:  4   Issue:  11   Special Issue:  SI     Article Number:
2000090   Published:  NOV 2020, Early Access: JUN 2020, AIS: 3.16

The penetrating properties of the tumor homing peptide LyP-1 in model lipid membranes, Ciobanasu, Corina ; Dragomir, Isabela ; 
Apetrei, Aurelia, JOURNAL OF PEPTIDE SCIENCE, Volume 25 Issue 3, 2019 

1. Zhong, Zhirong; Cai, Liang; Li, Chunhong, Characterization and targeting ability evaluation of cell-penetrating peptide LyP-1
modified alginate-based nanoparticles, RSC ADVANCES   Volume:  10   Issue:  54   Pages:  32443-32449   P 2020, AIS: 0.528

2. Bai, Jing; Duan, Jialun; Liu, Rui; et al, .Engineered targeting tLyp-1 exosomes as gene therapy vectors for efficient delivery of
siRNA into lung cancer cells, ASIAN JOURNAL OF PHARMACEUTICAL SCIENCES   Volume:  15   Issue:  4   Pages:  461-
471   P 2020, AIS: 0.968

3. Lebegue, Estelle; Barriere, Frederic; Bard, Allen J.Lipid Membrane Permeability of Synthetic Redox DMPC Liposomes
Investigated by Single Electrochemical Collisions, ANALYTICAL CHEMISTRY   Volume:  92   Issue:  3   Pages:  2401-2408   P
2020,  AIS: 1.382

Single-Molecule Dynamics and Discrimination between Hydrophilic and Hydrophobic Amino Acids in Peptides, through 
Controllable, Stepwise Translocation across Nanopores, Asandei, Alina ; Dragomir, Isabela S. ; Di Muccio, Giovanni ; Chinappi, 
Mauro ; Park, Yoonkyung; Luchian, Tudor, POLYMERS, Volume 10 Issue 8, 2018 

1. Asandei, Alina; Di Muccio, Giovanni; Schiopu, Irina; et al, .Nanopore-Based Protein Sequencing Using Biopores: Current
Achievements and Open Challenges, SMALL METHODS   Volume:  4   Issue:  11   Special Issue:  SI     Article Number: 1900595, 
2020, AIS: 7.089

2. Callahan, Nicholas; Tullman, Jennifer; Kelman, Zvi; et al.,  Strategies for Development of a Next-Generation Protein Sequencing
Platform, TRENDS IN BIOCHEMICAL SCIENCES   Volume:  45   Issue:  1   Pages:  76-89   P 2020, AIS: 3.16
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Citări anul 2021 

Sequence-Specific Detection of Single-Stranded DNA with a Gold Nanoparticle-Protein Nanopore Approach, Loredana Mereuta, 
Alina Asandei, Isabela S. Dragomir, Ioana C. Bucataru, Jonggwan Park, Chang Ho Seo, Yoonkyung Park, Tudor Luchian, Scientific 
Reports, 10, 11323 (2020) 

1. Mortezaei, M, Dadmehr, M, Korouzhdehi, B, Hakimi, M, Ramshini, H , Colorimetric and label free detection of gelatinase positive
bacteria and gelatinase activity based on aggregation and dissolution of gold nanoparticles, JOURNAL OF MICROBIOLOGICAL 
METHODS, 191, 106349, 2021, AIS: 0.448

2. Nanoparticle-assisted detection of nucleic acids in a polymeric nanopore with a large pore size Zhang, YW; Chen, XH; (...); Guan,
XY Jan 15 2022 BIOSENSORS & BIOELECTRONICS 196, AIS: 1.522

3. Yanagi, I, Takeda, KI, et al., Sub-10-nm-thick SiN nanopore membranes fabricated using the SiO2 sacrificial layer process,
NANOTECHNOLOGY, 32, 41, 415301, 2021, AIS: 0.584

4. Bhatti, H, Jawed, R, et al., Recent advances in biological nanopores for nanopore sequencing, sensing and comparison of functional 
variations in MspA mutants, RSC ADVANCES, 11, 46, 28996-29014, 2021, AIS: 0.519

5. Cox, BD, Martin, CR, et al., Biological nanopores elucidate the differences between isomers of mercaptobenzoic-capped gold
clusters, PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 23,13, 7938-7947, 2021, AIS: 0.756

Unzipping Mechanism of Free and Polyarginine-Conjugated DNA-PNA Duplexes, Preconfined Inside the alpha-Hemolysin 
Nanopore, Dragomir Isabela S., Bucataru Ioana C, Schiopu Irina, Luchian Tudor, Analytical Chemistry 92(11), 7800 – 7807 (2020) 

1. Wu, XQ, Li, Y, et al., Exponential Increase in an Ionic Signal: A Dominant Role of the Space Charge Effect on the Outer Surface
of Nanochannels, ANALYTICAL CHEMISTRY 93 (40) , pp.13711-13718, 2021, AIS: 1.299

2. Bhatti, H, Jawed, R, et al., Recent advances in biological nanopores for nanopore sequencing, sensing and comparison of functional
variations in MspA mutants, RSC ADVANCES, 11, 46, 28996-29014, 2021, AIS: 0.519

Nanopore-Based Protein Sequencing Using Biopores: Current Achievements and Open Challenges, Small Methods, Asandei Alina, 
Di Muccio Giovanni, Schiopu Irina, Mereuta Loredana, Dragomir Isabela, Chinappi Mauro, Luchian Tudor, 4(11), 1900595 (2020); 

1. An advanced optical-electrochemical nanopore measurement system for single-molecule analysis, Liu, SC; Xie, BK; (...); Long,
YT Dec 1 2021 | REVIEW OF SCIENTIFIC INSTRUMENTS 92 (12) , AIS: 0.5

2. Solid-state and polymer nanopores for protein sensing: A review Meyer, N; Abrao-Nemeir, I; (...); Balme, S Dec 2021 |
ADVANCES IN COLLOID AND INTERFACE SCIENCE 298, AIS: 2.143

3. Exponential Increase in an Ionic Signal: A Dominant Role of the Space Charge Effect on the Outer Surface of Nanochannels, Wu,
XQ; Li, Y; (...); Xia, F Oct 12 2021 | ANALYTICAL CHEMISTRY 93 (40) , pp.13711-13718, AIS: 1.299

4. Herding cats: Label-based approaches in protein translocation through nanopore sensors for single-molecule protein sequence
analysis, Motone, K; Cardozo, N and Nivala, J Sep 24 2021 | ISCIENCE 24 (9) , AIS: 1.633

5. Enzyme Hinders HIV-1 Tat Viral Transport and Real-Time Measured with Nanopores Wang, H; Huang, WL; (...); Wang, L Oct
22 2021 | ACS SENSORS 6 (10) , pp.3781-3788, AIS: 1.62

6. Unveiling the Microscopic Mechanism of Current Variation in the Sensing Region of the MspA Nanopore for DNA Sequencing,
Yu, M; Si, W; (...); Dong, YL, Sep 23 2021 | JOURNAL OF PHYSICAL CHEMISTRY LETTERS 12 (37) , pp.9132-9141, AIS:
1.742 
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(Early Access) | ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 60 (27) , pp.14738-14749, AIS: 3.345
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The penetrating properties of the tumor homing peptide LyP-1 in model lipid membrane, Corina Ciobanasu, Isabela S. Dragomir, 
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Citări anul 2022 
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Unzipping Mechanism of Free and Polyarginine-Conjugated DNA-PNA Duplexes, Preconfined Inside the alpha-Hemolysin 
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Zhao, Q May 24 2022 | LANGMUIR  38 (20) , pp.6443-6453, AIS: 0.661 
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Probing the Hepatitis B Virus E-Antigen with a Nanopore Sensor Based on Collisional Events Analysis, Bucataru, Ioana C.; 
Dragomir Isabela; Asandei Alina; Pantazica Ana-Maria; Ghionescu Alina; Branza-Nichita Norica; Park Yoonkyung; Luchian 
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1. An aptamer-assisted nanopore strategy with a salt gradient for direct protein sensing Yin, BH; Tang, P; (...); Wang, DQ Nov 29 
2023 JOURNAL OF MATERIALS CHEMISTRY B 11 (46) , pp.11064-11072, AIS: 0.952 
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Zhu, XN; (...); Luo, K Dec 2023 | Sep 2023 (Early Access) | 174 FOOD RESEARCH INTERNATIONAL, AIS: 1.042
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YT Feb 1 2023 | Jan 2023 (Early Access) | 18 (3) CHEMISTRY-AN ASIAN JOURNAL, AIS: 0.724
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1. Integrin Facilitates the Internalization of TAT Peptide Conjugated to RGD Motif in Model Lipid Membranes Ciobanasu, C; Pernier,
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Single-Molecule Dynamics and Discrimination between Hydrophilic and Hydrophobic Amino Acids in Peptides, through 
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A Nanopore Sensor for Multiplexed Detection of Short Polynucleotides Based on Length-Variable, Poly-Arginine-Conjugated 
Peptide Nucleic Acids, Mereuta Loredana; Asandei  Alina; Dragomir Isabela; Park Jonggwan; Park Yoonkyung; Luchian Tudor; 
ANALYTICAL CHEMISTRY 2022, Volume94, Issue24, Page8774-8782 
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Sequence-Specific Detection of Single-Stranded DNA with a Gold Nanoparticle-Protein Nanopore Approach, Loredana Mereuta, 
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ELECTROCHIMICA ACTA 475, AIS: 0.862
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Abstract: The implication of nanopores as versatile components in dedicated biosensors, nanore-
actors, or miniaturized sequencers has considerably advanced single-molecule investigative sci-
ence in a wide range of disciplines, ranging from molecular medicine and nanoscale chemistry to
biophysics and ecology. Here, we employed the nanopore tweezing technique to capture amino
acid-functionalized peptide nucleic acids (PNAs) with α-hemolysin-based nanopores and correlated
the ensuing stochastic fluctuations of the ionic current through the nanopore with the composition
and order of bases in the PNAs primary structure. We demonstrated that while the system enables
the detection of distinct bases on homopolymeric PNA or triplet bases on heteropolymeric strands,
it also reveals rich insights into the conformational dynamics of the entrapped PNA within the
nanopore, relevant for perfecting the recognition capability of single-molecule sequencing.

Keywords: nanopore tweezer; peptide nucleic acid; sequencing; single-molecule recordings

1. Introduction

Nucleic acid sequencing stands as the method of choice for revealing genetic variations
at the molecular level, and it became undisputed in fundamental and clinical or forensic sci-
ence, epidemiology, and biotechnology applications. The intrinsic limitations of approaches
derived from or directly pertaining to the original Sanger sequencing method [1] include
extensive and costly biochemical labeling, sample preparation, and difficulty to achieve
long read lengths. To overcome this, single-molecule nanopore sequencing techniques that
were “label-free” and relatively simple to operate and apply came to the rescue [2–11].

In the simplest embodiment, single-stranded DNA (ssDNA) is uni-directionally driven
through an isolated nanopore, and it determines a characteristic ionic current blockade signa-
ture that can be used to infer the corresponding ssDNA sequence. In the late 1990s [12,13], a
“proof-of-concept” demonstration of the approach was implemented with the α-hemolysin
protein (α-HL) from Staphylococcus aureus, which formed large heptameric protein nanopores
in lipid bilayers resembling a mushroom-like assembly with a central channel approximately
10 nm long and a diameter of 1.5 nm at the most constricted region [14].

Since then, massive creative efforts and the implication of other protein- or solid-state-
based nanopores [7,9,15–22] have facilitated enormous leaps in the technique, bringing it
closer to fulfilling the gold standard, which would enable a mammalian-sized genome to
be sequenced for USD 1000 or less [23].

A pressing hindrance to achieving accurate nanopore sequencing is that ssDNA
translocation is rapid, with measured rates of ~1 nt/μs at ΔV = 100 mV in the α-HL
system [13,15], and this alone poses a serious challenge to the sensitive resolve of individual

Polymers 2021, 13, 1210. https://doi.org/10.3390/polym13081210 https://www.mdpi.com/journal/polymers
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ABSTRACT. Single-molecule electrophysiology techniques using protein-
based or solid-state nanopores as nanoreactors were proven incredibly 
useful as platforms for sensing and biophysical characterisation of biological 
molecules (e.g., peptides, proteins), DNA detection and sequencing in a 
label-free, low-cost, rapid and high signal-to-noise ratio manner. Herein we 
present a number of discoveries in this field, developed over the years in our 
laboratory, including: (i) the pH-mediated, fine-tuning of peptides passage 
through the -hemolysin nanopore; (ii) increase of the capture rate and dwell 
times of polypeptides inside the nanopore, through engineering dipole-like 
polypeptides; (iii) the implication of a nanopore-AuNP (citrate anion-coated 
gold nanoparticles) platform to selectively detect nanomolar concentrations 
of target ssDNA. 
 
Keywords: single-molecule, peptides, electrophysiology, detection, sensing, 
nanopore, DNA, PNA 

 
 
 
INTRODUCTION 

 
Wild-type or genetically modified biological nanopores [1], [2], have 

been used as nanoreactors in various applications involving detection [3], 
sensing and identification [4], quantification [5], and physical characterization 
of single small molecules [6], [7].  

Presently, among the most common biological nanopores we mention 
aerolysin [8]–[10], M. smegmatis porin A (MspA) [11], outer membrane protein G 
(OmpG) [12], [13], fragaceatoxin C (FraC) [14], cytolysin A (ClyA) [15], 29 phage 
DNA packaging motor [16], outer membrane protein F (OmpF) [17]–[20]. 
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degradation.[7] Known limitations affecting 
these methods, are: i) mass spectrometry 
often fails to reveal the complete sequence 
information of a protein;[8] ii) Edman deg-
radation is optimally applied to sequences 
of 30–50 residues long without modified 
or buried N-terminal amino acid;[9] iii) in 
certain instances, accurate sequencing 
becomes challenging with mass spec-
trometry, since some amino acids have 
the similar mass and charge (e.g., leucine 
and isoleucine);[10] iv) the fractionation 
step (i.e., breaking apart a longer sequence 
into many smaller peptides), preceding 
the analysis of the mass-to-charge ratio of 
each new peptide with the mass spectro-
meter, is slow and tedious.[8,11,12]

Built on the success of nucleic acids 
detection and characterization,[13–26] 
nanopores became a viable alterna-
tive for single-molecule-based, primary 
sequence recognition, and conformational 

analysis on peptides and proteins, thus precluding the need 
for proteolysis or labeling.[27–51] Through an enhanced analysis 
throughput, the possibility of primary structure identification 
in peptides and proteins with nanopores, opens new vistas in 
deciphering the proteome, since in vitro peptide or protein 
amplification assays lack. To this end, the underlying para-
digm is that the polypeptide-mediated ionic current fluctua-
tions through a voltage-biased nanopore are correlated with the 
distinct physicochemical properties of individual amino acids 
(Figure 1).[26,52–55]

Within simplifying assumptions,[29] the analyte-induced 
blockade amplitude on a single nanopore modeled as an elec-
trically neutral, uniform cylinder, can be correlated with the 
analyte volume (Figure 1I,d and the corresponding text inset), 

I I I
V

lp

σ δ
Δ = − ≈

Δ
block blocked open

buffer

2  (σbuffer is the conductivity of 

the buffer, lp is the nanopore’s length, and δ quantifies the 
volume of the analyte). Note that for other shapes other than 
cylinders, the current blockade varies with the molecule posi-
tion inside the nanopore.[56] The formula above embodies 
also simplifications of the formalism described originally by 
DeBlois and Bean[57] regarding the relative geometry of the ana-
lyte and the nanopore, impact of the extension of the electric 
field lines beyond the nanopore inner region, or distortion of 
the electric field lines inside the nanopore created by the pres-
ence of an analyte. Such an approach has been widely used for 

The synergy of life sciences discoveries, biomolecular and protein engineering 
advances, and groundbreaking nanofabrication technologies, has intro-
duced over the past years the wide use of the nanopore-based investigations 
of matter at the molecular level. This review focuses on the fundamental 
principles of α-hemolysin (α-HL) protein-based nanopores, as sensitive 
investigative tools that combine single-molecule detection with the ability to 
simultaneously manipulate single molecules, in otherwise complex samples. 
Herein, there are presented some of the efforts directed to control the capture 
dynamics and translocation speed of tailored polypeptides through the α-HL 
nanopore, by harnessing the electro-osmotic flow and nanopore-tweezing 
influence on individual molecules, which are engineered to resemble mac-
rodipoles. The reported applications of this approach suggest a solution to 
enhance the temporal resolution of nanopore detection, prove the capability of 
the system in distinguishing between groups of distinct amino acids from the 
studied poly peptides, and propose a strategy to translate such single-molecule 
sensors in devices suitable for polypeptide sequencing at unimolecular level.

1. Introduction

Primary structure identification of peptides and proteins is cen-
tral for the advancement of proteomics, as it determines how 
these biopolymers fold and perform their biological function, 
and previous work established that even subtle changes in a pro-
tein’s primary sequence can cause debilitating pathologies.[1–4]

Traditional methods for proteome analysis and protein 
sequencing include mass spectrometry[5,6] and Edman 
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ABSTRACT: In this work, comparative studies on DNA-PNA and polyarginine-
conjugated DNA-PNA duplexes unzipping inside the α-hemolysin nanopore (α-
HL) are presented. We identified significant differences in the blockade currents, as
the applied voltage across the nanopore facilitated the duplex capture inside the
nanopore’s vestibule against the constriction region, subsequent cDNA strand
insertion inside the nanopore’s β-barrel past the constriction site, its complete
unzip from the duplex, and translocation. We observed that inside the voltage-
biased nanopore, polyarginine-conjugated DNA-PNA duplexes dehybridize faster
than their DNA-PNA counterparts and proposed a model to describe the duplex
unzipping. This study identifies key particularities of DNA-PNA duplex unzipping
as it takes place inside the nanopore and being preceded by entrapment in the
vestibule domain of the α-HL. Our results are a crucial step toward understanding
the nucleic acids duplexes unzipping kinetics variability, in confined, variable
geometries.

The nexus of understanding the intricate structure-to-
function determinism in biology and chemistry is

fundamentally linked to the ability of describing the behavior
of individual atomic or molecular constituents.1 To accurately
probe such details, crucial for biological processes such as
protein or nucleic acid (un)folding, DNA replication and RNA
transcription, nucleic acids−protein interactions, or molecular
recognition in general, single-molecule force spectroscopy
techniques such as optical tweezers,2,3 magnetic tweezers,4

atomic force spectroscopy,5 single molecule fluorescence
resonance energy transfer,6 and superresolution microscopy7

were employed.
Historically, the homoheptameric α-hemolysin8 (α-HL)

protein came first as a time-efficient and cost-effective
approach, enabling single-molecule, protein nanopore-based
force spectroscopy (NFS),9−12 and the approach encompasses
the following steps: (i) a charged multimeric molecule is
electrophoretically funneled toward the nanopore, through
interactions with the electrical potential difference applied
across the nanopore; (ii) once captured at the nanopore’s
mouth, the molecule is further attracted into the nanopore
inner region; (iii) provided that the molecule’s diameter is
larger than the nanopore diameter (at the nanopore’s entrance
or anywhere along its inner volume), the translocation process
across the nanopore will be halted; (iv) at the contact site
between the arrested molecule and the nanopore, the
electrophoretic bias applied on the molecule leads to the
emergence of an oppositely oriented mechanical force which,
in conjunction with the electric force, can split the multimeric
molecule. Crucially relevant for the suitability of the α-HL

nanopore in NSF-based investigations of various macro-
molecules, are its geometrical descriptors, including the
following:8 (i) the β-barrel stem complex, with an average
diameter of ∼2 nm; (ii) the cap vestibule, with an entry
diameter of ∼2.6 nm and a maximum diameter of ∼4.6 nm;
(iii) a constricted region of ∼1.4 nm in diameter, situated
nearly halfway through the 10 nm in length nanopore,
connecting the vestibule and stem (lumen) regions of the
nanopore. Thus, a properly polarized α-HL from an external
battery enables a B-form DNA-DNA duplex (diameter of ∼2
nm) transport and accommodation inside the vestibule domain
of the nanopore, while the constriction region interrupts the
translocation process, leading eventually to the duplex unzip.
Most importantly, the entire unzipping process is accompanied
by clearly defined patterns of current blockades, as the duplex
and single-stranded DNAs (diameter of ∼1 nm) occlude to
distinct extents and times the nanopore. This presents the
system with the direct ability to unravel the unzipping process
in real time, at the spatial and temporal resolutions provided by
the nanopore and the recording system.
The paradigm is uniquely rich in applications, as it not only

permits one to unravel the unzipping of double-stranded
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Assay designs effective in diagnostic workflow for early detection of pathogen outbreaks, as the recently emerged 
novel coronavirus disease 2019 (COVID-19), pose serious challenges even for specialized research or public 
health laboratories, especially in low-income countries. Besides culture and colony counting, or immunological 
investigations, hybridization assays built around polymerase chain reaction (PCR)-based strategies represent the 
golden standard when it comes to quantification of disease-specific nucleic acids. The emergence of new tech-
nologies such as real time PCR, microfluidics, integrated rapid PCR systems, and massively parallel sequencing 
devices, facilitated the introduction of new methods enabling effective disease detection. Comprehensive infor-
mation regarding pros and cons of these methods has been presented  elsewhere1–4. Despite successes, probing 
the presence of target sequences carried by exogenous nucleic acids by traditional hybridization  assays5,6, suffers 
from serious limitations generated by nonspecific amplification or hybridization, as well as costly infrastructure 
and complex work. To mitigate such challenges, nanomaterials (e.g., quantum dots, carbon nanotubes) were 
employed for fluorescence assays of nucleic  acids7–10 while others demonstrated the ability of polyelectrolyte-
modified capacitive EIS sensors for the label-free detection of DNA hybridization in aqueous  buffers11,12 or 
silicon nanowire-based field-effect  transistors13. Single-molecule, fluorescence resonance energy transfer and 
fluorescence correlation spectroscopy methods, were also used to detect duplex formation within or between 
individual DNA  strands14–18.
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