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OPERATIONAL STEPS IN THE ITP-ZE SEPARATION OF PROTEINS
ON THE COLUMN=-COUPLING CHIP

AIM OF THE WORK EQUIPMENT TO ITP-ZE SEPARATIONS ON COLUMN=-COUPLING CHIPS

The use .of chips to zlonel electrophoresis (ZE) and isoelectric fo;us?ng C-ZE CITP . éES ) P-TE
(IEF) separations of proteins is assumed to become one of key application — B
fields for these miniaturized analytical devices. At present, however, D-ZE / D-ITP / HV G _C-TE
detection of proteins on CE chips may be considered as a key restriction Starting situation in the chip channels BE LE S TE @ P-S
in a broader use of the chips in protein analysis. For example, on-column UV // . _C-S
absorbance photometric detection, a key detection technique for proteins BF I l D- TPl / W
in conventional CE, has only a very limited applicability in the separations HVR i -
performed on the CE chips. This can be, undoubtedly, ascribed to dimensions i il
of the separation channels on the chips and physical properties of materials _ cuU I mem- —r
ofwhich they are made. End of the run in the ITP channel |

ZE with on-line isotachophoresis (ITP) sample pretreatment, when -C-ZE
performed.on a columnl-.c.ouphng (CC) chip, offers one way in enhancing DZE | N L E2 () P-BE
concentration detectabilities of the analytes. Benefits of this approach S -
in the determination of low-molecular weight analytes present at trace =
concentrations in various matrices were already convincingly demonstrated Electrophoretic transfer N PC
in several papers. of proteins to the ZE channel _— E1 ()P-LE .
This feasibility study was aimed at investigating some fundamental aspects l l &8
of the ITP-ZE combination on the CC chip to the separation of proteins with )
their contact conductivity detection. This detection technique is considered A . N _
less suitable tc? the c.ietclection of proteins an.d, for examlple,l there s, erry likely, Separation and detection ( CEJIl(Jeitrcc:)Tt?oﬂi i;:ontrol unit: Eu?cérzoly(t; L?r?t:r:alrencl?:gdgs;];gtﬁrenle'rn; unit:
no report dealing with its use to the detection of proteins in conventional CE. of proteins in the ZE channel HV = high-voltage power supply and ZE separation channels

On the other hand, it was convenient in monitoring the ZE separations l
of proteins on CE chips as reported recently. Following our previous work,
focused on the ZE separation of proteins on a single column chip, we
preferred the cationic separations at a low pH while using currently available
proteins as testanalytes.

. D-ITP, D-ZE = conductivity detectors
4 HVR =relay for switching

BF = bifurcation region; D-ITP, D-ZE = detection sensors of the columns
LE, TE, BE = leading, terminating and background electrolyte solutions

S = sample; A= proteins

TE, = TE adapted to the sample composition

TE., = TE adapted to the LE composition

| = direction of the driving current

E3 = electrode connected to the high-voltage
pole of HV

P-LE, P-BE, P-TE, P-S =peristaltic pumps for
filling the chip channels with the electrolyte
and sample solutions

W = waste collector

ELECTROLYTE SYSTEM

MODEL PROTEINS ITP-ZE RUNS WITH TEST PROTEINS ON THE CC CHIP

Protein Code pl MW. (kDa) Supplier * Leading cation Sodium
Bovine al bum.in BSA 49 66 ngma—Aldrfdw [\ T CyC AT Leading Concentration (mmol/) 20
apo-Transferrin AT 5.8 78 Sigma-Aldrich / BSA P " electrolyte Counter-ion Acetate
Cytochrome C OC 106 124 Merck .! A 7 EOF suppressor MHEC
Avidn A 105 66 Calbiochem / ﬁ "‘ Concentration (Y, wiv) 005
Insuline | 2.3 2.73 Sigma-Aldrich | \F\ “1 ) \‘ / pH 2./5
. : , AWAVATAE
Hurman hemoglobin HH 6.8 64 Sigma-Aldrich I \J ’\l‘rf 1 \\ Temminating cation Hydrogenium
ITP ZE [\ f\ . N Terminating ~ Conoentration (mrmolA) 10
| J h ,\ electrolyte Counter-ion Acetate
| \ ]‘ | I‘\ EOF suppressor MHEC
REPEATABILITIES OF MIGRATION AND QUANTITATION DATA ’ V,i j \ ’\1 Concentration (%, wi) 0.05
Vo [N H 34
oC A BSA AT HH l fi AN P
25pm) (10ppm) (10ppm) (10 ppm) (10ppm) (3.3 ppm) /| !\. ﬁ\ l\‘ Canier catl'on Hydrogenium
Migration times ‘*{ N ‘\ \ Carrier Concentration (mmol/) 200
VU TN Counter-ion Acetate
tirrze(S) 535 546 564 576 591 616 AN -VL\ electrolyte OF
SUppPIressor MHEC
RSD (%) 09 05 05 08 08 06 L/J A ,
Concentration (%, wiv) 0.1
tz=(s) 203 212 229 243 259 283 , , , , , , oH 26
RSD (%) 1.1 1.1 09 09 09 06 310 325 480 555 630
Peak areas Time (s) Time(s)
A(mV.s) 16.7 1538 207 46.7 60.3 64.8 A trace from the conductivity ~ Traces from the conductivity sensor
RSD (%) 6.7 118 87 73 80 7.1 sensor in the ITP stage in the ZE stage (3 repeated runs)

Proteins in the loaded sample: CyC = 2.5 ug/ml, A= 10 ug/ml,BSA = 10 ug/ml,
AT =10 ug/ml, HH =10 ug/ml, | = 3.3 ug/ml (a proteinous pulse is marked by
an asterisk). Driving currents: 20 (ITP) and 18 (ZE) uA.

t e = migration time of the protein including the run in both stages of the ITP ZE separation;
t.,. = migration time of the protein in the ZE stage of the separation

CALIBRATION EQUATIONS FOR THE TEST PROTEINS

LIMITS OF QUANTITATIONS OF PROTEINS IN ITP-ZE ON THE CC CHIP CONCLUDING REMARKS

Parameters of the regression equations Although dealing only with the cationic mode of the separation, this feasibility study

(y=a+bx) shows that on-line coupled ITP ZE on the CC chip can be considered, in general, as
Protein Concentrafion span b a r eyC a promising electrophoresis alternative to the separation of proteins in miniaturized
(ug/m) (mV.s.miug)  (mV.s) systems.
Oytochrome C 13-10 57 28 09986 | Aconcentrating power of [TP was beneficial in reaching conditions providing a low
Avidin 5_40 23 53 0.9970 l‘ . dispersion transfer (injection) of proteinous constituents, loaded on the CC chip
Bovine albumin 5_40 41 145 09999 1‘A | In a 960 nL volume, into. the ZE channel. Mainly, dge to this, we cquld detect and
apo Trangfertin & _40 £ 4 155 09933 J !‘! quantlta.te the test pr.otelns at low g/mL concentra.tlons.l Ir? comparison to thg ZE
e i — ” 03 09510 \| BsA separatllons of prote|n§ perl“formed, ur.1d.er othervylse similar wo.rkmg conditions,
| : o ﬁ on a single column chip with conductivity detection we can estimate 20-50 fold
Insuline 25-20 57 -28 09988 ] . . . e .
/| IR improvements in the concentration sensitivity attributable to the use of ITP ZE.
VAR !" \ The CC chip, operating with a hydrodynamically closed separation system, made
) ‘ VA !,a \ a separation platform for very reproducible migrations of proteins. It seems reasonable
M N\, to state that this hydrodynamic concept of the separation system, with suppressed
\ M W,
“a,\ A~ WA hydrodynamic and electroosmotic transports of the electrolyte solutions, contributed
\ A \w..,.w\ significantly to such a migration performance in the ITP-ZE separations.
\ .M \a Vi ' i '
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a =an ITP-ZE run with proteins: CyC = 1.25 ug/ml, A= 7.5 ug/mli,

BSA = 7.5 ug/ml, AT = 7.5 ug/ml, HH =5 ug/ml, | = 2 ug/ml
b = a blank ITP-ZE run
Driving currents: 20 (ITP) and 18 (ZE) uA.

of the separated constituents and it can be used, with certain constraints associated
with physical properties of PMMA, to their light absorbance and fluorescence
detections as well.
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