Capillary Electrophoresis
DPIEN DI MAO QUAN
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Sw phat trién cta CE

A. Tiselius Electrophoretic Cell

S. Hjerten Rotating tubes (300 um)
V. Neuhoff PAG filled tubes
Mikkers, Everaerts, Verheggen FZE
Jorgenson and Lukags /5 um cap.
Micellar Electrokinetic Chrom.
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 Dung dich dém: 4
— pH=3-11
— Dém phtalate, acid citric/citrate,
boric/ borate, dém phosphate

« C6t mao quan:

— Ché tao tr thay tinh néng chay

— Bén ngoai phu I&6p nhwa bao vé

— Thwdng dwoc lam ngudi bang
dd lam ngudi (coolant) 1k

Uoem><102 (cm2/v—sec)




e Tiém mau:
— Lwong mau tiém nhé 1 — 50nl
— Tiém thuy dong lwc
— Tiém dién dong

 Detector:
— UV =-VIS
— Huynh quang
— Do ampe
— D6 dan dién
— Phé khbi

« Hé thong thu nhan dir liéu




PAI CUONG

Dién di mao quan ( Capillary Electrophoresis, CE)
— Ky thuat tach cac chat trong mao quan silica
— Dai 25 -100 cm
— Pbwong kinh trong 25 — 100 um
— Dbwong kinh ngoai 300 — 400 ym
— Dién thé 1 chiéu ap vao hai dau mao quén 10 — 30 kV
tao ra qua trinh chia tach

—— CA4c chat phan tich dwoc phat hién khi di chuyén vé

mo&t dau mao quan nhd mot detector thich hop
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NGUYEN TAC HOAT DONG

1. Dong dién tham ( Electroosmotic flow , EOF ):

Yéu t6 co ban trong nguyén tac hoat déng ctia pp CE
Dong chat 1d6ng bén trong mao quén, dwoc hinh thanh
do dién tich & bé mat bén trong thanh mao quan
Nguyén nhan gay ra dong EOF la |&p dién tich kép phat

sinh gitra bé& mat trong mao quan va dung dich dién giai
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— Dong EOF phu thubc vao
* pH dung dich dém: pH cao lam tang dong EOF va nguoc

lai

néng dé dung dich dém: ty 1& nghich v&i thdi gian di

chuyén, ndng doé cao hon néng d® mau it nhat 100 lan.

bén chat dung dich dém: c6 thé thém dung méi hiru co

vao dung dich dém dé 1am tang hay gidm dong EOF

dién thé ngudn: ty 1& v&i dd Ion cha dién truwong

nhiét d: tang hay gidm sé lam thay d6i d6 nhét cia dd

dém va dong EOF ty |1& nghich v&i d6 nhét cua dd dém



Pac diém caa EOF

« Tao nén dong chuyén khdi phang trong mao quan

(d; < 200 um)

«  Puwa tat ca cac tiéu phan cé mat trong dung dich dién di
di chuyén theo cung mdt huéng
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Kiém soat EOF

+ Thay doi dién tich bé

mat mao quan

¢ ECF
——Yionized

 Thay do6i dé nhét caa
dung dich dién di

2ionized
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Trwdng hop chi can phan tich anion:

- Doi chiéu EOF:
— Cetyl trimetyl amoni bromid CTAB hay CTAC

— Tetradecyl trimetyl amoni bromid TTAB
— Hexadimethrin bromid HDB

| ] ) sitica wall with bound
negative charges

Cationic
surfactant bilayer

G S .-

Electroosmotic
flow Diffused layer negatively charged



- Poi cwe cua thé ap mao quan

— Electroosmotic flow —> Detector +
Cathode Anode

Neutrals
Anions Cations
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Nquyén tac hoat déng:

Khi tiém mau, cac phan tlr chat tan sé di chuyén theo
dong EOF, do khac nhau vé linh dd dién di nén toc dd di
chuyén cla cac phan t& chat tan s& khac nhau va duwoc
phat hién khi di ngang detector

Tdc do di chuyén twong dbi cia ion anh huwdng bdi hai

yéu td: toc dd dong EOF va tdc dd dién di
Uoes = Uep + Ueor

Téc doé di chuyén twong déi caa ion Téc dd dién di Téc dd dong EOF

Anions: Vpgs < Veor
Cations: Vpgs > Veor
Neutals: vogs = Veor



Cac phan ti dién tich dwong sé& chuyén ddong trong mao quan

v&i van toc Ien hon van toc dong EOF:

= +

UOBS, cation Ucation U EOF

Céc phan t&r dién tich &m chuyén ddng cham hon dong EOF:

UOBS, anion UEOF - Uanion
Cac phan ti trung hoda chuyén ddng cung v&i van toc dong

EOF:

lJOBS, trung hoa U EOF



CAC THONG SO PAC TRUNG

1. Th&i gian di chuyént,, :
— Thoi gian mét chat bat dau di vao mao quén cho

dén khi chat dé di qua detector
— La théng sb6 dung dé dinh tinh trong phwong

phap dién di
L, ( khodng céach di chuyén)
t, =
V ( tbc d6 di chuyén )

V=0, + Ugor



2. Do phan gidiR, :
— Trong thuc té thwdng dwoc dung chi chat lwong clia mot

gua trinh tach

— Trong phan tich dinh lwong dd phan giai tot nhat R, > 1,5

2(t, -t4)
R =

w, +w,



3. Hé so chon loc a:
— L& mdt chi tiéu vé hiéu qua tach
— Biéu dién téc dd di chuyén twong dbi cta hai chat voi

nhau

L - teor

1:1 B 1:EOF



4. Hiéu lwc cot:

—  Puwoc thé hién bang sb6 dia ly thuyét

tm?

W2



CAC KY THUAT DIEN DI

Dién di mao quan vung (Capillary Zone Electrophoresis - CZE)
Pbién di mao quan diém dang dién (Isoelectric focusing - IFF)
Pién di mao quan dang téc do (Isotachophoresis - ITP)

Dién di mao quan Gel (Capillary Gel Electrophoresis - CGE)
Sac ky dién di mao quan dién dong hoc kiéu micelle

(Micellar electrophoresis capillary chromatography - MECC).



« Dién di mao quan vung, CZE:

— Nguyén tac hoat ddng don gidn va co tinh da chirc ndng

— Co s¢ tach la linh d6 dién di khac nhau cua cac ion trong
mao quan silica nung chay va dong dién thAm di chuyén
vé phia catod

— Th tw rira gidi 1a cation, cac chat trung hoa va sau cung
la anion

— Nhwoc diém cla CZE la khdng tach dwoc cac chat trung

hoa vé dién



Pham vi ’ng dung:

— Phan tich cac Aa, peptide va nhiéu dang ion khac

— Ung dung trong phan tich khang sinh, khang viém,
vitamin, cac ion v0 co, cac acid hiru co'...

— Phan tich cac chat & nhiém méi trwdng



Md jCX
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CA
M,

u L———JM

0 10 20 30 a0 50
Thoi gian di chuyén

. Dién di d6 nudc tiéu co cefixim (CX) va cac chat chuyén héa
cta né (M, dén M;) va acid cinnamic (CA).

Diéu kién di¢n di: Dém phosphat 50 mM pH 6,8; V = 15 kV, Lyp = 50 cm,
1d = 50 um, A = 280nm.



- Pién di mao quan héi tu dang dién, CIEF:

— Nguyén tac dwa trén sy khac nhau vé pl cla protein
va dwoc quyét dinh bdi chat lwdng tinh ( tao thanh
gradient pH trong mao quan: dd base ¢ cwc dm va dd
acid & cwc dwong)

— Nh¢& dién trwdng ma chat lwéng tinh sé tich dién va
nhitng protein di chuyén qua chat trung gian dén

dwoc vung ma & dé chung khéng tich dién



— Sau khi hdi tu xong, cac chat tan va chat lwéng tinh dwoc tap
trung lai thanh vung va nhirng vung nay dwgc phat hién khi
di ngang qua detector nh& &p suat

— La mét ky thuat dién di ¢ d6 phan giai cao

— Ap dung thanh cdng trong viéc tach cac dang ddng phan va

cac dang protein ( hemoglobulin, immunoglobulin...)



- Pién di mao quan dang tiep xutc, CITP:

— La ky thuat dién di co sv di chuyén cua dudng ranh
gidi tiép xuc

— Ky thuat nay két hop hai hé dém ( dau va cudi ) dé
tao trang thai ma tat ca cac vung dwoc tach di chuyén
cung mét toc dd va nhirng ving nay gi® nguyén trang

thai kep gitra 2 dung dich dau va cudi nay



* Dién di mao quan gel, CGE:

— Pwoc dung chd yéu trong linh vwe sinh hoc, dac biét
nhw protein va acid nucleic

— Khi cac phan t& tich dién di chuyén qua mang
polymer, chung sé bi can tro

— Phan t& kich thuwdc Idn bj can tr& nhiéu hon phan to

kich thwdc nho



« Dién di mao quan mixen dién déng, MEKC:

— L& mét k§ thuat bd sung cho CZE: tach dwoc ion va ca
phan tl trung hoa dién bang cach thém cac chat hoat
dong bé mat vao dung dich dién di & ndng dd I&n hon
nong dé mixen t&i han

— Cac chat hoat ddng bé mat thworng dung SDS, SDC,
CTAC

— Hat mixen dwgc coi la mét pha tinh gia

— Viéc tach céc chat trung hoa dwa trén co s& sw phan bd

cua chung gitra dung dich va pha tinh gia



Surfactant molecule
with long organic tail

Nonpolar organic and polar headgroup

molecule ®
®
0
/\/\/\/\/\/\o_!_o— Na* @N }}9 ®
(") CEJR /é ®

Sodium dodecyl sulfate (a surfactant) o -
C1,H,550; Na* ANNANL G @! !

A micelle with ®
an organic molecule Counterion
dissolved inside in solution



Neutral molecule equilibrates
between free solution and
inside of micelle

—
+ o+ o+ o+ F ]+ o+ o+ o+ o+ o+ 4

A

Electro

Electrophoretic G
flow of negative
micelle

Cathode



« Puwoc rng dung nhiéu vi cé thé tach va dinh lwong cac
chat trung hoa va mang dién tich, cd dac tinh than nuwéc

nhw Aa, nucleotide, vitamin, hydrocarbon thom.

Table 6. Selecting the Mode of Capillary Electrophorests

Small Small

Ions Molecules Peptides Proteins Oligonucleotides DNA

CZE MECC CZE CZE CGE EGE
ITP CZE MECC CGE MECC
P IEF IEE
CGE ITP

[TP




- Pién sac ky mao quan, CEC:

— La ky thuat méi lai tao cua CE va HPLC

— Pha déng di qua c6t nhd dong EOF nén tao cho ky
thuat nay kha nang tach rat hiéu qud, khac phuc giéi
han dung lwvgng cua HPLC

— Tuy dang trén dwdng nghién clru, phat trién nhwng
CEC da dwoc ng dung trong phan tich thudéc nhiéu
IiInh vwwc khac nhau nhw phan tich dwoc, phan tich

cac phan t& sinh hoc, cac ddng phan quang hoc.



Dwoc pham

Phwong phap, diéu kién do

TLTK

B-lactam

MECC: 0,02M borat, 0,2M SDS, 30kV, 72cmx50um, 210nm (MECC)

(20)J.Chrom 657, 393-
399

Sunfonamides

MECC: 0,025M phosphat-borat, pH 8,5; 0,1M SDS; 0,02mTAB; 12kV, 50cmx50um,
240nm

(26)J. Chrom. 603, 259-
266

Taxol (anticancer)

MECC: 0,025M tris-phosphat. pH 8,5, 0,05M SDS; 25% MeOH; 25kV, 87cmx50um,
200nm

(34) J.Chrom. 657, 301-
306

Cimetidine

CZE: 3,3mM trizma bazo; 9,4mM phosphat, pH 6,4; 9,8mM HTAB; 20kV,
60cmx50um, 228nm

(39) J.Chrom. 559, 547-
558

Salicylic acid

MECC: 0,025M borate 0,02 phosphat, 0,025 NaClO3, pH 9,0, 0,05M SDS; 20kV,
57cmx75um, 214nm

(39) J.Chrom. 559, 547-
558

Acetaminophene salicilyic acid

MECC: 0,015M phosphat, pH 11; 0,025M SDS; 30kV, 60cmx50um, 214nm

(47) J.Chrom. 689, 305-
311




Chi tiéu, hop chét phan tich

Phwong phap, diéu kién do

Péi twong mau

Vitamin B4, By, B1a...

MECC: 20mM tetraborat 30mm SDS, pH 9; mao quén 64,5cm; hiéu dung 56cm, 75um;

15kV; 220 nm

Hoa qua

BPudng glucose, fructose, maltose...

CZE: 20mM pyridinecacboxilic axit; 0,5M CTAB; pH 12,3; mao quan khdng phu, 80,5 cm,
hiéu dung 72cm; 75um; 25kV; 275/10 nm; mau 0,5 ppm mdi chét

Nwéc hoa qua

Chét bao quan: Dulcin, sorbic acid, benzoic acid...

MECC: 20mM pyridinecacboxilic axit; 0,5M CTAB; pH 12,3; mao quan khéng phu, 80,5
cm, hiéu dung 72cm; 75um; 25kV; 275/10 nm; mau 0,5 ppm mdi chét

Nwéc hoa qua, banh keo...

Buong hdéa hoc: Saccharin, acesultamine-K, aspartame

MECC: 50mM sodium deoxicholate; 10mM KH2PO4; 10mM dém borat; pH 8,6; 50cm;

75um; 20kV; 254 nm

Nwéc hoa qua, nwdce gidi khat, banh keo...

Chét chéng oxi héa: PG, TBHQ, BHA, BHT

MECC: 50mM tetraborat 50mM SDS, pH 9,5; mao quan 50cm, 50um, 24kV; 214nm

Bao quan chét béo trong cac loai thiwe phdm nhw bo, snack,
thit....

Cac chat mau thuc pham: Green S, Briliant blue, Erythrosine B, Sunset

yellow, Tatrazine...

MECC: 15% CAN va 85% 50mM sodium deoxicholate; 5mM KH2PO4; 5mM dém borat;

40cm; 50pm; 30kV; 214 nm; 250C

Banh keo, nwéc giai khat, nwéc hoa qua....




DIEN DI MIEN DICH




PIEN DI MIEN DICH
« La ky thuat sir dung dién di dé nhan dién cac chat mién
dich

« Thwdng s dung gel agarose cho protein va gel

polyacrylamid cho peptide



 Western blot = Western bloting = phwong phap lai
tham protein

* Phwong phap c6 dé nhay cao, thwdng dwoc st dung
dé phan tach protein va sau do phat hién protein dac
hiéu quan tam

« Xac dinh trong lwgng phan t, dinh lwong protein

trong cac mau khac nhau



Ky thuat thwrc nghiém Western blot

Bwéc 1: sau khi dién di hon hop protein

trrén gel SDS — PAGE, chuyén bang da phan
tach tlr gel I18n mang xop v&i kha nang gidr tot

protein



- Bwéc 2: U mang trong dung dich khang thé Ab,

dac hiéu cho protein dich.
Chi bang trén mang chira protein dich gan voi
khang thé, tao thanh mét I&p khang thé.
Sau dé rlra mang dé loai cac khang thé Ab, khdéng

gan véi protein dich.



« Bwédc 3: U mang véi dung dich khang thé the 2

(Ab, ).

Khang thé th& 2 nay nhan biét va gan dac hiéu voi
Ab, . Dong thdi Ab, cling gan cdng hoa tri voi
enzyme, dong vi phéng xa hodc mét s6 co chat khac

co do nhay cao.



« Bwéc 4: xac dinh vi tri va lwong Ab, gan cho

phép xac dinh lwong cling nhw kha nang di

doéng trong dién trwdng cua protein quan tam



Western blot ( blot mién dich )

Protein dude chuyén Protein dugc phén tach
lén mang lai bing dién di trén gel
nitrocellulose SDS polyacrylamide

Danh diu véi

khang thé dic hitu Phat hién khang thé

cho thidy protein
quan tam



