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Abstract

Taylor dispersion analysis (TDA) is an analytical method for the determination of the
hydrodynamic radius (R,) or the molecular diffusion coefficient (D) of a solute/ compound by
analysis from the peak broadening of a plug of the solute/compound under the condition of laminar
Poiseuille flow. UV detection mode is commonly employed for TDA, however; the main limitation
of TDA- UV method is the lack of a sensitive detection modality for non- UV absorbing
solutes/ compounds. In this work, we therefore present an alternative detection mode, UV-
photochemical oxidation detection (UV-POD), suitable for TDA in order to determine the size of
non UV-absorbing polysaccharides. TDA-UV-POD detects the UV-absorbing photooxidized products
of polysaccharides in a strong alkaline media (130 mM NaOH) by using the capillary electrophoresis
(CE) instrumentation equipped with a UV detector. The irradiation wavelength of 266 nm was
selected. Backscattering interferometry (BSI), another kind of suitable detection mode, which
measures the relative change of the refractive index (RI) between water eluent and sample, was
employed to compare the hydrodynamic radius. Under the conditions of validity of TDA, the mass
average R, values obtained by TDA-UV-POD and TDA-BSI was found in good agreement. Selection
of detection mode for TDA is based on the physical properties of the interest compounds and the

desired sensitivity in detection.

Keywords: Taylor dispersion analysis; polysaccharide; UV-photochemical oxidation; backscattering

interferometry; hydrodynamic radius
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Table 1 Presentation of the polysaccharides studied in this work

Polysaccharides General chemical structures Polymer characteristics
< > Branched polysaccharide
1--0-CH;
Dextran Q (branching degree~5%)
o 15
wra High dispersity (>>1)
w-16
!
/i::‘ CH,OH CH,OH
. o o Linear polysaccharide
Pullulan . . . ; 1)
Low dispersity (~1
" OH ’ OH OH{
‘ 2
CH,OH CH,0H
o o Branched polysaccharide with densely
OH OH
.0 0 c|> packed branches ( branching degree
GLycogen HO CH, CH;0H HO CH,
o q o ~8-10%)
OH OH
< 1, I High dispersity (>>1)
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Table 2 TDA conditions for analysis of polysaccharides

a

feyy1eu Taylorgram (peak variance) 18359191
\N5U (Integration) &slaadureliluite 3.4 uay

Tu [26]

UV light

& Y4

b\‘z& «—eCapillary
Q\o"‘ by -

-

T T

Inlet Outlet

+—o CE cartridge

Figure 1 Schematic diagram showing the CE
cartridge with fused- silica capillary
for size- based determination of

polysaccharides using TDA-UV-POD.

using UV-POD

Parameters

Conditions

CE apparatus and set detection wavelength (nm)

Beckman Coulter, 214 and 266 nm

Capillary length (cm) 40
Inner diameter (i.d., um) 50
Outer diameter (o.d., um) 360
Detection window from the inlet (cm) 30
Temperature (°C) 25

Eluent

130 mM NaOH’ (77=0.998x 10 Pa-s)

Plolysaccharide sample

Dextran T500, Dextran T2000, Pullulan
P400, Pullulan P800, Oyster glycogen,

Phytoslycogen

Hydrodynamic injection

0.2 psi for 8 s (4.07 nL) (Vi/V4=0.7 %)

Mobilization pressure (psi) 0.1
Linear velocity (mm s™) 0.19
Dilution Factor (for R, =10 and 100 nm, respectively) |[3.5-11
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Figure 2 Taylorgram of glucose solutions using
the frontal mode with (a) TDA-UV and
(b) TDA-UV-POD at 214 nm
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Table 3 Comparison of quantitative data on hydrodynamic radius (R,,) of oligo a-D-glucans and o

D-glucan polysaccharides obtained from TDA-BSI and TDA-UV-POD

Molar mass Dispersity | Hydrodynamic radius (R,, nm) (mean+SD)
Samples .
(g mol™) (M/M,) | TDA UV-POD 266 nm (n=3) | TDA-BSI (n=3)
Glucose 180 ° 1 0.49+0.04 ¢ 0.33°¢
Maltose 342.31 ° 1 Not tested 0.46 ©
Maltotetraose 666.58° 1 Not tested 0.61°
Dextran T500 4.64-4.866x10° > | 1.27-1.69°¢ 12.3+0.5 ¢ 12.5+0.5 ¢
Dextran T2000 | 2.96- 3.27x10°"° | 2.41-3.49°¢ 18,9405 ° 18.8+0.5°
Pullulan P400 4.04x10°° 1.06 ° 16.0+0.4 ° 16.1+0.8 ¢
Pullulan P800 7.88x10°° 1.06° 20.3+0.6 ° 21.740.3°
Oyster glycogen | 7.41-6.09x10°°¢ | 1.16-1.35°¢ 12.540.3 ° 12.4+0.3 °

? Indicated by manufacturer; ® Reference [30]; “ Reference [31]; ° By left-part integration of the

Taylorgram using eqgs 1 and 2; © From Gaussian fitting
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Figure 5 Taylorgrams obtained from poly-

saccharides. All sample solutions

were prepared in the eluent:
Dextran T500 = 0.25 g L'; Dextran
T2000 = 0.35 ¢ L™, Pullulan P400 =

0.35¢ L’1; Pullulan P800 = 0.5 ¢ L

Oyster glycogen 5 ¢ L' and

Phytoglycogen = 6 g L.
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