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Welcome to the 26th international Symposium on Electroseparation and Liquid-
Phase Separation Techniques, ITP 2019 |

We are pleased to welcome you at the University Paul Sabatier, Toulouse, for the

International Symposium on Electro- and Liquid Phase- Separation
Techniques (lTP 2019). The ITP series was inaugurated in Belgium in 1979, and

is one of the most recognized international meeting addressing the latest issues

and innovations in all areas of electro- and liquid phase-separations techniques.

The ITP Symposium series provide a forum for high-level scientific exchanges
between analytically oriented scientists from the whole world in a friendly
atmosphere. The University of Toulouse, one of the oldest in Europa, was founded
in 1229 and is one of the most famous in France (rank #5 in France according to
the Times Higher Education in 2018). lt is located in the south of France, where the
"art de vivre" is well-known. Medieval city, Renaissance city, Age of Enlightenment
city, city of rugby, city of aviation, city hosting 1 10,000 students and 7,000

researchers, city of the good food and wines. A city where the ITP fellows will remain
for a long time

We will open this Symposium by thanking you for your valuable contribution and
participation. We would like also to thank our sponsors for their generous support.

Welcome to ITP 2019 ! Welcome in Toulouse !

Go chairmen
Pr. Herv6 COTTET

Universit6 de Montpellier

UNIVERSITE
ÜE MONTPELLITR

Pr. Frangois COUDERC
Universit6 de Toulouse

UNIVERSITE
TOULOUSE III
Paul S*aartra
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o. Year Ghair(s) Place (Country)
1 1979 A. Adam & C. Schots Baconfoy (Belgium)

2 1 980 F.M. Everaents Eindhoven (The Netherlands)

3 1982 C.J. Holloway Gosslar (Germany)

4 1984 Z. Prusik
Hradec Kralove
(Czechoslovakia)

5 1 986 F.M. Everaerts Maastricht (The Netherlands)

6 1 988 E. Kenndlen Vienna (Austria)

7 1 990 D. Kaniansl<y
Tatranska Lomnica
(Czechoslovakia)

8 1992 S. Fanali Rome (ltaly)

I 1994 F. Kilar Budapest (Hungary)

10 1 996 B. Gas Prague (Czech)

11 1 998 P.G. Righetti Venice (ltaly)

12 2000 D. Kaniansky & E. Kenndler
Bratislava (Slovak) - Vienna
(Austria)

13 2002 M.L. Riekko[a Helsinki (Finland)

14 2004 S. Fanali & M.G. Quagtia Rome (ltaly)

15 2006 G. Peltre Paris (France)

16 2008 V. Cucinottia Catania (ltaly)

17 2010 Z. EI Rassi Baltimore, MD (USA)

18 2011 B. Chankvetadze Tbilisi (Georgia)

19 2012 Z. El Rassi Baltimore (USA)

20 2013 A. Cifuentes & J. Hernändez-Borges Puerto de la Cruz (Spain)

21 2014 M. Tavares & E. Carrilho Natal (Brazil)

22 2015 M.-1. Riekkola & Heli Sir6n Helsinki (Finland)

23 2016 Z. El Rassi& Blanca Lapizco-Encinas Minneapolis (USA)

24 2017 M. Markuszewski Sopot (Poland)

25 2018 K. Otsuka Kyoto (Japan)

ITP SYMPOSIUM HISTORY
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Ana Maria Garcia-Campafia (Grenade, Spain)

Bezhan Chankvetadze (Tbilisi, Georgia)*

David Chen (Vancouver, Canada)*

Alejandro Cifuentes (Madrid, Spain)*

Herv6 Gottet (Montpellier, France)**

Frangois Couderc (Toulouse, France)**

Ztad El Rassi (Stillwater, USA)*

Salvatore Fanali (Rome, ltalY).

Frantiöek Foret (Brno, Czech Republic).

Garlos D. Garcia (Clemson, SC, USA).

Bohuslav Gas (Prague, Czech Republic).

Väclav KaSiöka (Prague, Czech Republic).

Sergey Krylov (Toronto, Canada)

Jörg Kutter (CoPenhagen, Denmark)

Blanca Lapizco'Encinas (Rochester, USA)*

Koji Otsuka (KYoto, JaPan)*

Marja-Liisa Riekkola (Helsinki, Finland)*

Marina Tavares (Sao Paulo, Brazil)*

Myriam Taverna (Paris, France)

Peter Willis (Pasadena, CA, USA)

*: Permanent Scientific Committee

**: Co chairmen 2019

Orqanization

Thierry GUERMONPREZ

CEYZ
12, rue Alexandre FournY

F - 44230 SAINT SEBASTIEN

info@itp2019.com

T6l : 33 (0)6 77 22 19 44
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Auditoriu m Marthe Condat

Publishing workshop for young scientists
Blanca Lapzco Enc nas Rochester nstlute ofTechnology,

Ed tOT iN Ch Ef Of ELECTROPHORESIS
Nermann WaElg, Technca Un versity of Braunschweg

Ed tor rn Chief of ELECTROPHORES S

Danie le Flem m ng. W ey,ryiey-VCH publisher We nhe m.

14:00-1 5:00
SL t'I

Short Course: Data processing in capillary
electrophoresis

Pavel Dubsky& Magda Dovhunovä

Facultyof Science, charles Unlveßity, Prägue, Czech Republic

OPENING SESSION
Cha rs: Herv6 Cotel lBlVl\4 University ol Montpell er, France

Franco s ColCerc - Univeß ty Paul Sabatier, Toulouse France
17i15

lnstrumentation and Applications of Epitachophoresis
FrantiSek Foret - lnstitute of Analytical Chemisiry,

Czech Academy of Sciences, Brno, Czech Republic

1 8:1 5-1 8:30 Social event honouring Ziad El Rassi
Supported byWiley and ELECTROPHORESIS

Welcome reception

UNIVERSITE
TOULOU§E III
i,t,, ri !,,., Ir + i;ir i":l

Auditoriu m Marthe Condat Council Room

08:30
OFENING SESSION

Chaiß: tkM6rf^ftd-lBfr]lM, Ljniversity of lvlontpellier, France,

Francois C@lderc-tLllili,rmitv Paul Sabatiei Toulouse, France

08:40
IP[.E!{ARY SESSION

Chaiß: Bol-{aibvc6-OMbs UniwEity, PEgre. Czech Republic,

l-hm SU&z- Ulfii@ßity of Salzburg, Aßtrja

8:40-9:25
PL 02

Transient !ncomplete Separation Facilitates Finding Accurate
Equilibrium Dissociation Constant, Kd,

of Protein-Small Molecule Complex
Sergey N. Krylov - York Univeßity, Toronto, Canada

09:30
Affin ity Capillary Electrophoresis

Chafs Bohuslav Gaa - Chafles Universiiy. PGgue, Czech Republic
Hanno Slu" - Unlveßity of Salzbue Ausria

Liquid Chromatography 1

Chairs: Caios D Garc a - Clemson University, South Carolina, USA

Koji Otsuka - Kyoto University, Japan

09:30

9:30-9:55
KN O1

ffiinity Capillary Electrophoresis for Reliable Ligand Binding AsaF

Hermann Wätzig - TechnrcaL Unversity. Braunschwelg. Germany

Fast and efficienct isolation of humn biomcromlecules by imunoaffinity
chromtography with mnolithic disk colums

Mla'Liisa R ekkoa - Unverslty oi Hesink _ F nland

9:30-9:55
KN 02

9:55-1 0:20
KN 03

Padialfillingatrinitycapillaryelectrophoresisforstudyofnoncovalent(bio)rclecular
interactions

Väc av KaS aka - lnst tute of Organic Chem stry and Biochem stry,

Czech Academy of Sciences, Prague, Czech Republic

Design ofMonolithic Cdum Precußors and Their Pod Polymrization Modificdions

with Various Ligands for Use in Liquid Phse Separation Techniques

Zad El Rassi - Okahoma State Univereity, Stillwater, USA

9:55-10:20
KN 04

1 0:20-10:35
oP 01

Assignrunt of corylex species byatrinitycapillaryelectrophoresis:
the case of Th(lV)"desferrioxamine B

Vadim r S adkov lnstitul de Physlque Nuc 6are lN2P3-CNRS. UniverstÖ Paris Sud

Unvers t6 Paris-Saclay orsay, France

Sirple analytical device tor deterffnation ofaflatoxins using

lhin-laler chrodographyimging wlh a smdphone
Chanida Puangpila - Depadmed ofChemistry, Faculty ofScience,

Chiang l\&ri Univereity, Chiang l\rlai, Thailand

1 0:20-1 0:35
oP 02

1 0:35-1 0:50
oP 03

Developrent of Affinity Electrophoretic Method for tualFis of Molecular lnteradions in

LiPid Nano-Merbrane
Yukih ro Okamoto - Graduated Schoo oi Engineer ng Science Osaka Unlversity.

Osaka, Japan

Use of CFlofructans, CFlodenrins and hino kid Ester'Based lonic Liquids in EKC and

HPLC for lrproved Chiral Sepärations

Conslanina Kapnss Christodouou _ Depadment of Chem siry.

Un vers tY of CYPrus Nrcosia, CYPrus

1 0:35-1 0:50
oP 04

12-

SGIENTIFIC PROGRAM

Council Room

1 5:00-1 7:00
sc 04

1 7:30-1 8:1 5
PL 0,1

'18:30-20:00 1 8:30-20:00
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1 0:50-1 1 :30 Coffee break 1 0:50-1 1 :30

11 :30

Bioanalytical ( l )
Chars: Zad El Rassi - Oklahoma Slale Unversity, St iwaler USA.

Frantsek Forel- nslilule of tua!4ical Chemisty, CzechAcädemyo{Scences,

8.1 -,ö i FAp rbL.

MS and Liquid Chromatography (2)
Chafs: David Chen - Universityof British Columbia. Vancouver, Canada.

Mrja-Liisa Riekkola - Un versity of Hels nki, Finland

11 :30

11:30-11:55

KN 05

Nanoroterials based electrochemica, detectors in dcrochips eledrophoresis

for (bio) analytical applications

Abedo Escarpa - Unvers dad de Acalä Spaln

chtrar and conformtionalhalFis by Träpped lon Mobility spedromtry

Goved W Somsen Vrte Unversity of hsterdam, The Nelhenafds

11:30-11:55

KN 06

11i55-12i20

KN 07

Unique Microscale Separations Using Specific lnteractions

Kol Otslka Kyoto Universily. Japan

Evaludion and coryarison of different separation techniques

coupled to ion-mbllltyms spedrofttryfor the deciphering of rclecular n€tuorks

Mrianne F llet Universilv oI Lieqe, Beq !m

11:55-12:20

KN 08

'12:20- 12:35

oP 05

Selection of DNA aptämrs based on separat'on of DNAprotein corylexes from ONA

library using ldeatsFilter Capjllary Elecrophoresis {IFCE)

Svellana M. Krylova - York Unvers ty. Toronto. Ontaro Canada

Linear Retention lndex in Laquid Chromtography: NewApproach

forthe QualityControlof Furocoumrins in Cosßtics and Food

Adrana tuigo Unversu of ressina Poo hnunziata. lftssina ftaly

'12:2O-'12:35

oP 06

12i35- 12i50

oP 07

DNAThe.rol Stabilily Decreases with lncreasing Solvent Mscosiiy

Nancy Ste wagen Urlverslty oi owa. lowa Cily. lA USA

Evaluation of colum dispersion in isocratic and gradient HPLC based on the behaviour

of a sel of coryounds

[bra Ce a Garc a Avarez Coqle Ufiversily oIVa]encia Buiassoi Spa n

12135- 12:50

oP 08

12:50-'13:05

oP 09

Multiple Modes Capillary Elecrophoresis I

The Etricient Technology For Aptarers Seleclion hd BioanälFis

Eeng Ou Schoo of LiIe Sc ence. Be jrng nst tlte of Technology, Ee jrng. Ch na

Study of th€ retention rechanism of bisphenols on reversed phase U_HPLC colums

by mlecular mdeling and Mificial Neural Networks

Jean Chrstophe Garigues ' Unvercity Pau Sabaler. Toulouse France

1 2:50-1 3:05
np J n

1 3:00-1 3:40 Lunch seminar SCIEX (Auditorium Grignard) '13:00-13:40

14i40

Fundamentals ('l)
Chars: Doo Soo Chung - nsllue Seoü Nat ona U rlveß ty. SNU

Depadment ot Chenls1ry. Rep of Korea,

Sergey Krylov - York lnlversty. Toronlo. Caiada

Particles / Polymers analysis
Chats: Javier Hemändez Borges - University of la Laguna, Tenerile, Canary lslands, Spain

Myilam Taverna - Univeßty oiParis Sud, France

14:40

14:40-1 5:05

KN 09

Electrodgration in micro and nanoscale

Bohusav Ga§ - Chanes Universily Prague. Czech Replblic

Panicle separation and assessrent with elecric fields

B anca I Lap zco Encinas Rochesler lnslil!1e of Technolqy, USA

1 4:40-1 5:05

KN 1O

'15:05-15:30

KN 11

Sirylicity as the key for analytical rethodologies

Caros D Garcia Clemson Unlverslly. South Caro na USA

Free solution capillary electrophoresis to characlerize Proteins, drug cariers or rice-

and lo mnitor drug loading and digestion

Patce Caslgnolles Western Sydney Universily, Ausra a

1 5:05-1 5:30

K:'i i 2

15:30-'15:45

oP 11

Mat Sheilock sorely missed: the EVAtechnology for Cultural Heritage exploration

Pier Giorgio R ghet Depadment of Chemistry. Potecnrco di M ano Mlano ftaly

.b Understanding of the Biological Roles of Gltroproteins through Reliable Quantitation

of both Glycans and GlFopePlides

Yehra rechrei - Depadmenl of Chemrsiry and Biochem sry.

Texas Tech Un vetsty Lubbock USA

15:30-15:45

oP 12

1 5:45-1 6:00

oP 13

lnvestigation of cell mbility änd delormbility

Kare K epärnk lnst tute of hal}tica Chemistry of lhe Czech &ademy ol Sciences

Brno, Czech Republc

Nanofluidic Isolation, Detedion and Manipulalion of Single Nanopanicles

and E{racellular Vesicles

Yan XL Depanmenl ol Chem ca Efq neenng. Graduale School or Engrneer ng.

Osaka Prelecture Un verslly. Japan

1 5:45-1 6:00

oP 14

1 6:00-1 6:40 Coffee break 16:00-1 6:40

16:40

PoTIASAP COST and Portable CE session
Chans Väc av KaS aka - nsi tlle of Organ c Chem sty and Biochem sty

Czech Academy oi Scences, Prague.Cz€ch Repub c.

Yoann Ladner - Un versty ol Wnipeler France

t-tco.tnsae 
V

. Bioanalytical (2)

Chaiß: ha M. Garcla-campana - Universily ofGranada, Spain

Frderic Robed ' SEBA Evry, Frunce

16:40

16:40-17:05

KN 13

Open source hardware in chemical analFis: Tools or toF?

Guilalme Erny Unverstyoi Podo Podugai

HPLC and cylindrical PreE purification of RNAaptarerswith single nucleotid€ resolution

Li Nlu - Unjversity at Abany, New York. USA

1 6:40-1 7:05

KN 14

'17:05-'17:2O

oP '15

Open source capillaryeleclrophoresis device for quälityconkol of redicines

Samue Roth ' Head ot Chemlcal tua ysis Services

Schoo ofEngineering and tuchitecture of Fribolrg Fnbourg. Susse

Preclinical Pharmcokinetic Exploration of Novel Codination for the Treatrent

of Prostate cancer using a välidated UHPLc-oToF-MS Method

Davd Paul - Sl James Colege of Pharmaceutica Sciences' lnda

17:05-17i20

OP J6

17i20-17i35
oP 17

Podable centifugal dcrofluidic platforre for on-site analFis of herbicides

rercedes Vasquez - Schoo of Chemica Sciences Natiom Cenre for Sensor Research. Dub n

Cty Universily. Gäsnevin reiand

Direct counting of exosores in a culture mdium with laserinduc€d fluorescence

Takash Kaneta Depadmenl of Chem sty Graduale School oi Nalural Science and Technologv

Okayama University Okayama Japan

17 i20-'17 i35

oP 18

1 7:35-l 7:50

oP'19

Digital microfluidics - analytical open.source hardware

Jeeru Gorbalsova Cente oI Mcrolluidcs KBI Tallech. Tall nn. Eslon a

Quantitativ€ proteodcs of exosores secreted by liver cell§

DtuIo Jos c - Jural Dobrlla Unversly Pula. Croatia

1 7:35-1 7:50

oP 20

1 7:50-1 8:05

oP 21

Using podable CE instrumnts for deterdning banned co4ounds in situ

Mhke Kalurand - Ial nn Universlly ofTechnoqy Ta ! nn -st.na

Oeterdnation of Exosorol Medrane Proteins CD63 by Capillary Elecrophoresis

Ylmeki Tan Depadment ol Chem stry. Graduate Schoo oi Nalura Science and Technoogv

Okayama UnNersty Okayama JaPan

1 7:50-1 8:05

I 9:00-20:00 Basilica Saint-Sernin organized tour 1 9:00-20:00

- 13 -
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Auditori u m Marthe Condat Council Room

08:30
OPENING SESSION

Chairs Herve Cotiet - BIMM, Un versity of Montpel er France,

Franco s Couderc Univers ty Paul Sabatier Toulouse. France

08:40
PLENARY SESSION

Chaß: MranneF el UnversityofLege Aegium
Georges Nouadie - SEBIA. Evry. France

8:40-9:25

PL 03

Capillary electrophoresis mass spectrometry for top-doM
analysis of large proteins

David Chen - University of British Columbiä, Vancouver, Canada

09:30
Bioanalytical (3)

Chars: kranne F el, Universlty of Liege, Begium
Georges Noladle SEBIA Evry, France

Young Session (1)
Chats: Patice Castignolles - Western Sydney Universlty, tustalia

Guillaume Erny - Universityof Podo, Podugal

09:30

9:30-9:55

KN 15

Aliances otdifferent CE and CE-MS approaches

for the PTM characterization ot allergens

Hanno SiuE - University ofSalzbuq, tustria

Metabolodcs. a keytechnology in the ererging field of gut dcrobiota

Caro na S mö - lnslitute of Food Science Research (Cl[). Mdrd, Spain

9:30-9:55

KN 16

9:55-10:'l 0

oP 23

Afullyautoroted salting-out assisted liquidliquid €xtraction (ASALE) procedure couptec
üth online stacking for the analFis oftrosine kinase inhibitors (TKts) in humn ptasm

Yoann Ladner - Univers ty of mntpe er, France

lmged capillaryisoelectric focusing coupled to mss speclroretrr
online iCIEF-ESLMS of mnoclonal antibodies (ffi)

Johannes Sch @hl Facu iy of Chem stry, k en Univers[y. tulen. Germany

9:55-10:1 0

1O:'10-10:25

oP 25

Capillary Electrophoresis for Quantitative tualFis of Dried Btood Spot Samles

Pavel Kubän hsttuie of tualytrca Chemistry Czech Academy oi Sc ences
Brno Czech Repub c

Abudnom, a new way to discover new disease biororkersl
Azheimr's Disease as a study case

Em e Ross - lnstlut Ga en Paris Sud UMR8612 Proten and Nanoiechnology n tuafica
Science(PNAS) CNRS.Unv.Paris-Sud,UnversitdParis-Saclay,Chätenayrelabry.Frarce

1 0:1 0-1 0:25

oP 26

'lOi25-10:40

oP 27

Purpose-mde CE instrurentation for pharmceuticatänd diagnostic apptications
Thanh Duc Mi nsttul Ga ien Par s Sud, UMR 8612 Prorern and Nanolechnotooy in tua !1 ca

Science (PNAS) CNRS, Unv Pars-Sud, Unv Parls-Sa.ay Chätenay Mabry France

Low{ost päper-origad DNAdcrofluidics for rapid dcrobial analFis

Uugen Yang - Cranned Water Science lnslitute. Cranf,eld Un versity

Bedfordshfe. Uniied K nadom

10:25-'10:40

oP 28

1 0:40-1 0:55

oP 29

Deterdnation of drugs of abuse in oral fluid by capittary etectrophoresis using
fluorescence detection

Pket SaatrReismaa Depadmenlof Chemistryand Bioiechnoogy.
Ta inn Univers[y ofTechnoogy. Tatlinn Esron a

Ultra.dniaturized weak affinity chromtogräphyfor proteinligand interadion study
application lo @mbrane proteins, targets of high pharm@dicalinterest

Lucile Leas ' Univeßit6 de Lyon, lnstitul ds Sciences tualfiques, UIVR 5280, CNRS, Univeßit6

Lyon 1, Vlleufunne, France

'10:40-10:55

oP 30

1 0:55-1 1 :30 Goffee break 10:55-l 'l :30

'l l :30
Bioanalytical (4)

Chafs Freder c G not - P comet cs Techno ogies, Laböge, France

Jörg Ku(er - Unvers ty of Copenhagen, Denmärk

Young Session (2)
Chaiß: Blanca H, bpizcoEncinas - Rochesler lnstitute

ofTechnology, USA,

Li Niu - University at Abany, New York, USA

1 l:30

'l'l:30-11 :55

KN 17

Capillaryelectrodgration rethods: a reat atternative in food safery?

ha M. Garcia-Campana - Un versily oiGrarada. Spa n

The challenge of plastic dgrant anälFis using nanomteriäls

Jav er Hernändez Borges - University of la Lag una Tener ie C a nary s ia nds, Spa n

1 1 :30-1 1:55

KN 18

11155-12t1O

oP 31

ll|1rcbilization of enzres on mgnetic padictes:
recent experience with sulfotransferase änd atdehyde oxidase

tun Van Schepdae - University of Leuven. PharmaceuUcat tuatysts. Leuven. Betg um

Studyand charaderization of anligen€djuvant interadions in väccines
by frontal analFis continuous capillary eledrophoresß (FrcCE)

Camille Mlburet - lBM[4 Universityof hntpellier, CNRS, ENSCM, hrtEIier, France

11:55-12:10

oP 32

'12:10-12:25

oP 33

Charaderization of the polphenolic profile fromdifferent cuttivars ot Bra$i€ jun@a by
corprehensive tuodirensiond liquid chrodographycoupted to ms spedroretry

KaüaAena - Farmacediche ed hbieruli, Universityof ressina-{Iessina, ftaty

uL6 Technologyfor RNA Separation

Bayan Cham ' HS-CNRS, Tou ouse. France

'l2t1O-12:25

oP 34

12125-12t4O

oP 35

Capillary Electrophoresis and Contactless Conductivity Detection for tn Situ hatFis
of Saryles from Ocean Wonds

MuroSergoFetretraSantos-JetPropulsonLaboratory Catifoma nsliluteofTechnotogy.

Pasadena Californa

Mebbolom/GlFore halysis of Microscale Biological Saryles by Capillary

Eledrophoresis-Laser lnduced Fluorescence / Mass SpectromtryCoupled üth a Large.
volure Dual Preconcentrdion Technique

Takayuk Kawai - RIKEN Centerfor Bi6ystems Dynamics Research, Osaka, Japan

12:25-12,40

oP 36

The Developrent of Podable lllegal Drug of &use tualEer: From ldea to Product

Jekalerina Mz na-Sinkar - Chem stry and I olechnology lnsttute.

Tall nn Unvers ty of Technology Tall nn. Estona

12:40-12:55

oP 38

1 2:55-1 3:30
Lunch sem i nar AGILENT TECHNOLOGIE§ (Auditori um Gri g nard)

1 2:55-1 3:30

ITP permanent Scientific Committee (VlP room)

14:30-19:30 Walled city of Garcassonne visit 14:30-19:30

20:00-23:00 Gala dinner - H6tel Dieu -Toulouse 20:00-23:00

-14-

'13:30-14:30 Poster session
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Investigation of Enantioselective Interaction and Determination of Binding Constants of 
Two Calcium Channel Blockers using Capillary Electrophoresis  
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The individual enantiomers of a racemic drug usually exhibit specific therapeutic efficacy. In order to achieve optimal 
therapeutic treatment, an enantioselective analytical method is needed for quality control. Capillary electrophoresis 
is an analytical method which shows high efficiency in enantiomeric separation. In this study, the enantioselectivity 
of two calcium channel blockers was investigated using chiral macromolecule as a selector in the background 
electrolyte of the capillary electrophoresis system. Polysaccharide-based and protein-based selectors were 
employed separately, each at different concentrations and conditions (e.g., pH value and applied voltage) to achieve 
baseline separation. Furthermore, the interaction of each enantiomer with human serum albumin as the most 
abundant protein in the biological system was studied. Mobility-shift affinity capillary electrophoresis was applied to 
perform the enantiomeric separation and the determination of binding constant. The apparent binding constant of 
each enantiomer was measured by nonlinear regression analysis. The R- and S- enantiomers of each drug model 
showed different binding constant values. 
 
Keywords: enantioselective interaction, affinity capillary electrophoresis, human serum albumin, chiral selector 
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Outlines

 Direct chiral separation in free-solution 

 Choice of chiral selectors

 Applications

 DoE for enantioseparation method optimization

 Simultaneous enantioseparation and binding constant determination



September 04, 2019 | Ratih | Investigation of enantioselective interaction and binding constants determination | Page 3

Chiral capillary electrophoresis

 Electrical field to separate enantiomers of a racemic mixture

 Operate in free solution (buffer additives) 

 Does not require the immobilization of the selector

 Selectors required to be:

 Soluble and chemically stable in the BGE

 Stereoselective and form a transient diasteromeric complex with each enantiomer

 Exhibit fast complexation kinetics

 Insignificant interference with the detection
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Direct chiral separation using CE

Cyclodextrins

Crown Ethers

Macrocyclic antibiotics 

Linear 

polysaccharides

Serum transport proteins

Chiral Selectors

Human serum 

albumin

Maltodextrin

Data are taken from research articles indexed by Scopus (2015-2019)

Affinity study

DoE-Enantioseparation

Cyclodextrins

89%

Linear polysaccharides

6%
Proteins

2.5%

Other CSs

2.5%
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Maltodextrins

 Consist of D-(+)-glucose as the

monosaccharide unit that is connected

through (1-4)-α linkage.

 Characterized in terms of the

dextrose equivalent (DE) number –

degree of polymerization

 The helical structure present as the base of the enantioselectivity for different

interactions such as:

 Hydrophobic

 Electrostatic

 dipole-dipole

 multiple hydrogen bonding
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Human serum albumin

Rose et al. (2018), doi:10.1093/bioinformatics/bty419

Being chiral by nature

 Considerable enantioselective towards chiral molecules.

 Interacts with a wide range of organic and inorganic

compounds.

Two major binding sites referred as:

 Sudlow I (warfarin)

 Sudlow II (indole) occur as the most important region.

Majority of compound interactions with HSA can be stereoselective.

http://dx.doi.org/10.1093/bioinformatics/bty419
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Racemic mixtures

Amlodipine besylate

Verapamil HCl

R-(+)-AML S-(-)-AML

R-(+)-VER S-(-)-VER
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Enantioselective interaction study

Maltodextrin

Human serum 

albumin (HSA)

Chiral drugs

 Amlodipine

 Verapamil

Enantioseparation

Enantiomeric 

separation

Binding constant 

determination

3 adjustable 

parameters

Steady 

physiological pH

DoE-Chiral CE

Mobility Shift-

ACE
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Maltodextrin-based chiral separation
Design of Experiment
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Initial enantiomeric separation 

6 8 10 12 14 16 18 20 22

-6

-3

0

3

6

9

6 8 10 12 14 16 18 20 22

-6

-3

0

3

6

9
15 kV, pH 3.0

m
A

U

 7.5% MD

 10% MD

20 kV, pH 3.0

Time (min)

8 10 12 14 16 18

-3

0

3

6

9

12

15

8 10 12 14 16 18

-3

0

3

6

9

12

15
15 kV, pH 3.0

m
A

U

 7.5% MD

 10% MD

20 kV, pH 3.0

Migration time (min)

Amlodipine Verapamil



September 04, 2019 | Ratih | Investigation of enantioselective interaction and binding constants determination | Page 11

Design of Experiment

No. kV %MD pH

1 20 10 2.0

2 15 8.75 2.0

3 15 10 4.0

4 15 10 2.0

5 15 10 3.0

6 17.5 10 2.0

7 17.5 7.5 3.0

8 15 7.5 2.0

9 20 7.5 2.0

10 20 10 4.0

11 20 8.75 3.0

12 17.5 8.75 4.0

13 20 8.75 2.0

14 15 7.5 4.0

15 20 7.5 4.0

Maltodextrin Conc.

7.5 – 10% w/v

Voltage

15 – 20 kV

pH

2 - 4
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Maltodextrin-based enantiomeric separation profile
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Voltage

pH

Predicted Rs at the highest conc. of MD

Run order kV %MD pH

1 20 10 2.0

3 15 10 4.0

4 15 10 2.0

5 15 10 3.0

6 17.5 10 2.0

10 20 10 4.0

Rs %RSD

1.73 0.25

1.61 0.10

2.10 0.13

1.96 0.07

1.93 0.06

1.47 0.09

6 8 10 12 14 16 18 20

0

2

4

6

8

m
A

U

Time (min)

 15 kV, pH 2

 20 kV, pH 4
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MD voltage

Predicted Rs at the Lowest pH

Run Order kV %MD pH

1 20 10 2.0

2 15 8.75 2.0

4 15 10 2.0

6 17.5 10 2.0

8 15 7.5 2.0

9 20 7.5 2.0

13 20 8.75 2.0

Rs %RSD

1.73 0.25

1.80 0.02

2.10 0.13

1.93 0.06

1.59 0.11

1.31 0.06

1.46 0.02

6 8 10 12 14 16 18 20

0

2

4

6

8

m
A

U

Time (min)

 10% MD, 15 kV 

 7.5% MD, 20 kV
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pH MD

Predicted Rs at the lowest voltage

Rs %RSD

1.80 0.02

1.61 0.10

2.10 0.13

1.96 0.07

1.59 0.11

1.19 0.07

Run order kV %MD pH

2 15 8.75 2.0

3 15 10 4.0

4 15 10 2.0

5 15 10 3.0

8 15 7.5 2.0

14 15 7.5 4.0

6 8 10 12 14 16 18 20

-2

0

2

4

6

8

10

m
A

U

Time (min)

 MD 10%, pH 2

 MD 7.5%, pH 4
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Enantioselective interactions between MD and AML

 Enantiomers resolution depends on: 

1. Maltodextrin conc. 

2. pH 

3. Applied voltage

 The R-(+)-AML bound stronger to Maltodextrin, which leads to a 

slower migration time compared to the S-(-)-AML. 

-pH

-U

MD
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HSA-based in mobility shift-ACE
Chiral separation and binding constant determination
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Mobility shift-affinity study

Binding constants determination as a function of total ligand 

concentrations and effective mobilities.

 The analyte does not need to be perfectly pure 

 The concentration of the analyte does not need to be exactly 

known.
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Visualization of the mobility shift-ACE system
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Binding curve of Amlodipine
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Verapamil
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Binding curve of Verapamil
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Enantiomers resolution
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Conclusions

 Maltodextrin and HSA exhibit enantioselectivity as chiral selectors for both ca-channel 

blockers by direct chiral-CE .

 The enantiomers of AML and VER are resolved as the result of the stereoselective

interaction with the chiral selectors.

 AML enantiomeric separation was induced by a high conc. of maltodextrin, a low BGE pH 

and a low applied voltage. MD showed the highest influence on the resolution.

 Mobility shift-ACE has proved as a powerful technique for simultaneous drug-protein 

interactions study, including chiral separation and binding constants determination.

 Positively charged substances seem to be the most suitable models to predict the KD or 

KA value in the presence of HSA as a negatively charged CS at physiological pH.
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