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ABSTRACT: Pluronic mixtures of F87 (@@Ps0Es1) and F127 (BoPsoEgg), With E and P being poly(ethylene

oxide) and poly(propylene oxide), respectively, have been used as effective separation media for the separation
of small charged biomacromolecules, such as oligonulceotide fragments, by microchip electrophoresis. The
temperature-dependent solubility of the middle blocl @ Pso) enables a convenient micelle formation of the
triblock copolymer by self-assembly, forming ordered gel-like macrolattice structures at high polymer concentrations
or high temperatures. Laser light scattering (LLS) and small-angle X-ray scattering (SAXS) were used to investigate
the solution behavior, including the gel structure. Micelles of the F87/F127 mixture solution at different weight
ratios almost had a constant hydrodynamic radius of about 10.6 nm, except for the pure F87 solution with a
hydrodynamic radius size of about 6.3 nm. The aggregation number of the micelle increasedSfriom-17

with an increase in the F127 content in the solution. On the basis of the SAXS results, the macrolattice symmetry
of the gel-like structure could be determined. Two kinds of ordered gel structures were observed: body-centered
cubic (bcc, F87-rich region) and face-centered cubic (fcc, F127-rich region). There was a transition region between
them whose structure had not yet been resolved. The cubic lattice constant decreased with increasing F87 content
in the mixture. Under optimized conditions, oligonucleotide sizing markers ranging from 10 to 32 bases could be
separated within 40 s with one-base resolution by microchip electrophoresis.

Introduction

Triblock copolymer poly(ethylene oxide)poly(propylene
oxide)—poly(ethylene oxide) or fP,E with E, P, and subscript
denoting oxyethylene, oxypropylene, and segment length,
respectively, is an amphiphilic copolymer and has unique
viscosity-adjustable and dynamic coating properti€sCom-
mercially available products of these copolymers are Pluronics
(BASF) and Poloxamers (ICl). At low temperatures, the triblock
copolymer aqueous solution acts as a free-flowing liquid with
low viscosity because the copolymer is in an unaggregated
unimer state, since E and P blocks are both soluble in water,

while at elevated temperatures, the solution viscosity is increased

mainly due to the overlapping of the coronae of self-assembled
core—shell micelles that are formed by the breakdown of
hydrogen bonds between the P block and watéxt appropriate

concentration and temperature, the formed micelles can be
densely packed, yielding the macrolattice of an ordered structure

(gel-like state¥~19 Many studies on the applications of these
nonionic surfactants in several fields, such as deterg€néy,
emulsification!*16 DNA separatior$,11721 and drug
delivery??>=2° have been reported.

The design and synthesis of oligonucleotides have increase

dramatically in recent years because oligonucleotide synthesis

and antisense technology have opened another door for moder
drug developmenit?3Lisis’ Vitravene is the first oligonucleotide
drug on the market for the treatment of retinitis in AIDS
patients®? The rapid development of potential antisense thera-

peutics thus presents a challenge to the analytical methodology;

i.e., to develop corresponding efficient separation methods.
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However, oligonucleotide fragments cannot be successfully
separated according to their sizes by conventional capillary zone
electrophoresis (CZE) since they have similar mobilities,
independent of their chain length. In the past decades, the most
commonly used methods for the quality control of synthesized
oligonucleotides have been polyacrylamide (or agarose)-based
slab/capillary gel electrophoreis®® and high-performance
liquid chromatography (HPLC® 4! The main disadvantages
of these methods are time-consuming and insufficient efficiency.
With completion of the Human Genome Project, the microchip
electrophoresis technique appears to be promising and is almost
2 orders of magnitude faster than the conventional capillary
electrophoresi4? Although this platform is very efficient and
has many applications in DNA analysis, the separation of
oligonucleotides has remained to be a challenging problem.
Recently, we have successfully developed a reversible ther-
moresponsive gel system as the separation medium for oligo-
nucleotide separation by microchip-based capillary electro-
phoresis The system used a blend of thermoresponsive Pluronic
copolymers F127 (&PssEgg) and F87 (E1PsoEs1), at certain
weight fractions, to create a highly efficient oligonucleotide

Olsieving matrix with a thermally tunable solution viscosity. Both

Pluronic F127 (bgPssEgg) and F87 (s1P40Es1) consist of 70%
oly(ethylene oxide) and 30% poly(propylene oxide). Although
127 was studied by many research groups and found many

applications, F87 attracted little attention and was first employed

as a sieving matrix for oligonucleotide separation by our research
group®344Single-stranded oligonucleotide sizing markers rang-
ing from 8 to 32 base could be separated in a 1.5 cm long
separation channel by the mixture solution in its gel-like state.
The sieving ability of the Pluronic mixture solution appears
to be related to the macrolattice ordered structure formed by
the polymer gel matrix. In this work, static light scattering (SLS),
dynamic light scattering (DLS), and small-angle X-ray scattering
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(SAXS) were used to characterize both the solution and gel 107
properties. Through these experiments, the type of ordered
structure in the gel-like state, the lattice constant, and the size

O 30% (wiv)F87  od000000

105 L

of the micelle have been revealed. With this data, it is possible o105 L

to partially quantify the sieving ability of the Pluronic mixture =

solution and to understand the sieving mechanism of oligo- £ 10%;

nucleotide separation. § 10° L

S

Experimental Section 102 ¢ 0
perim . 000000000000000°
Materials. Pluronic F127 (lgsPsoEgg) and F87 (B1PsoEs1) Were 101 L

gifts from the BASF Corp. (Parsippany, NJ). Polymer solutions
were prepared by mixing preweighed triblock copolymers with
1xTBE buffer (89 mM tris(hydroxymethyl)aminomethane, Temperature (°C)

89 mM boric acid, and 2mM EDTA in Mill-Q water) to the desired  gigre 1. Temperature dependence of viscosity of 30% (wiv) F87
concentrations (all buffer reagents were bought from Sigma-Aldrich, sgjution in Ix TBE buffer.
St. Louis, MO). The mixture was placed in the refrigerator and

vortexed every few hours. Single-stranded oligonucleotide sizing , o concentration of 30% (wiv) was chosen for which the
markers (a set of 13 synthetic oligonucleotides ranging from 8 to

32 base with two-base increments between each oIigonucIeotide)SOlu“OH’ and gel-like states Were_investigated in th_is vv_ork. Like
were purchased from Amersham Biosciences Corp. (Piscataway,F127 (EodPsoEo0), F87 (Es1PacEs1) is another Pluronic triblock
NJ). Oligonucleotides were diluted 20-fold by Milli-Q water and = copolymer. It has the same PEO/PPO ratio, namely 70% PEO
were heated at 95C for 2 min before sample injection. and 30% PPO. It represented the first time we introduced
Methods. Microchip Electrophoresis.Microchip electrophoresis ~ Pluronic F87 as a component of the oligonucleotide separation
was performed on an Agilent 2100 bioanalyzer (Agilent Technolo- matrix3 Because of the smaller hydrophobic part in F87 when
gies, Waldbronn, Germany), which used epifluorescent detection compared with F127, F87 aqueous solution has a higher phase

‘r’]"qigc‘j:‘ ffgmiggggﬁ%grégie; g‘nfﬁ t?]rgigggc?it/szi ;;r‘ét-g:]elg:gt’hwvsgstransition temperature than that of F127 at the same concentra-
y 1 0, 1 = H
about 1.5 cm. The experiments were carried out with our sieving tions. For example, a 30% (w/v) F87 solution has a gel-forming

matrix combined with the dye and the DNA marker, which were (€mperature of about 3&, while the transition temperature of
included in the DNA 500 reagent kit. Separation field strength was 30% (W/v) F127 is about 18C. Figure 1 shows the temperature
adjusted by modifying the script in the Bioanalyzer software. dependence of the zero-shear rate viscosity of 30% (w/v) F87
Laser Light Scattering (LLS). A standard laboratory-built laser ~ solution in Ix TBE buffer. With increasing temperature from
light scattering spectrometer equipped with a BI-9000 AT digital 0 °C, the solution viscosity decreased slightly at low temper-
correlator and a solid-state laser (DPSS, Coherent, 200 mW, 532atures due to the shrinkage of coil size caused by the increase
nm) was used to perform LLS studies over a scattering angularjn ppQ hydrophobicity. Further increasing the temperature
range of 20—13C'. In stafic LLS, the angular dependence of the 4,14 cause the viscosity to increase and turn the system into

excess absolute time-averaged scattered intensity, using vertically. I 0 .
polarized incident and scattered light, also known as the Rayleigh a gel-like state. It should be noted that a 30% (w/v) F87 solution

ratio Ry(6), was measured. In the limit of low concentratio®, ( in 1xTBE buffer had a rea:lly low viscosity of less than 50 cP
the weight-average molecular weigM,), thez-average root-mean-  at low temperatures (620 °C), which could enable the rapid
square radius of gyrationR(), and the second virial coefficierty) loading of microchips under low applied pressure and hence
can be obtained from a Zimm plot. For dynamic light scattering facilitate an easier automation of the system.

(DLS), the intensity-intensity time correlation functio®®\(z) in In dilute solution, the micelle formation induced by either

the self-beating mode was measured. By using the CONTIN the temperature change or the concentration incremental change

method, the normalized distribution function of the characteristic id b d b b . in th d
line width G(I') including the mean line widti" was obtained. cou € measure y an abrupt increase in the scattere

The apparent hydrodynamic radiRs could be obtained from the ~ intensity using static light scattering. The critical micelle
Stokes-Einstein equation. The detailed information has been temperature (cmt) is defined as the temperature at which the
described elsewhefé. light scattering intensity departs significantly from the baseline
SAXS Experiments. SAXS measurements were carried out at intensity contributed only by unimers. Figure 2a shows typical
the X27C beamline in the National Synchrotron Light Source static light scattering results for the determination of cmt at
E)NS'-S)‘ Brlookhaven Natioréal Lalbo7rziltory ,(ABIL\”T')H-FEh\?'inCiqem various concentrations. Tlyeaxis is the relative excess scattered
o g e 57 A g aniy o, ahn s chiano fomi( i urere.
andlyenare the scattered intensity of polymer solution, solvent,

sample-to-detector distance was 1013 mm. - ; o
Viscosity MeasurementsViscosity was measured with a CC27/ and benzene, respectively. Generally the scattered intensity is

Q1 coaxial cylinder measuring system in an Anton Paar Physica Measured at a scattering angle of’9The cmt value was

0 10 20 30 40 50 60 70

MCR 301 rheometer. Shear rates ranged from 0.1 to 10®&sro- estimated by the intersection of the two linear regression lines.
shear rate viscosity was extrapolated from the data points. For example, the cmt value of a FB%IBE solution at the
) ) concentration of 8 1073 g/mL was about 31.7C. Figure 2a

Results and Discussion also shows the concentration dependence of critical micelle

LLS Study on F87 Properties in Dilute Solution. Am- temperature. As expected, the polymer solution at higher

phiphilic Pluronic nonionic surfactants are a series of ethylene polymer solution concentrations had lower critical micelle
oxide/propylene oxide triblock copolymers with a general temperatures. The dependence of critical micelle temperature
formula ERE.. In a recent study, we found that the use of a on polymer solution concentration is plotted in Figure 2b.
30% (w/v) concentration of Pluronic F127 solution in combina- Because of the smaller hydrophobic section of F87, the critical
tion with the OliGreen dye could achieve the best sieving micelle concentration (cmc), which could be extrapolated from
performance and the fastest separation speed for oligonucleotidd=igure 2b, was relatively high at 2& compared to F127, which
separation in a very short separation channé ¢m)1” Thus, has a cmc value of 6.1 mg/mL at 2&.1°
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decreased further, and the size distribution became narrower.

2 16f ® 1x107gml ¢ @ 1 By further increasing the temperature to 3F@, micelles
[} ¥ 8x107gmL / : .
S 14F m 2x0%gme /B became the dominant component. It should be noted that the
E 12} ¢ 4xwom $ micellar size and the size distribution became smaller and
@ 10 .-" narrower, respectively, with increasing temperature.
8 8} $ /’( The concentration effect on the hydrodynamic radius of
o6l A micelle was investigated. Figure 4 shows the CONTIN analysis
2 4 @ _ /" of DLS results on F87 and F127 triblock copolymer micelles
T 2 g8 2%/ 94 o ® in 1xTBE at different concentrations and 36. The average
& of " T andl apparent radius (measured at a scattering angle 9f&30-87
SRRUEE-U U - : micelle was about 6.3 nm with a narrow size distribution, and
€282\ coRien B e i o6 4 RaBs el s 6s the micelle size was relatively independent of the polymer
Temperature (°C) solution concentration. The results were in agreement with
36 previous studie$®*® Higher concentrations resulted in higher
- ] ” (b) mlcell_ar aggregation numpers. It |s_reasonable to assume th_at
L the micelle size in the gel-like state is about the same as that in
JOREEY: dilute solution at a given temperature beyond the gel transition
E{ 33 [ - point. Because of the larger hydrophobic core and the longer
% 325_ hydrophilic block, F127 micelles had a larger size when
Sl O - compared with F87. The average apparent radiug E@t30°)
E— 31 ] of F127 micelle was about 10.6 nm at 3B. The concentration
© 30} 280 dependence of the micelle size was negligible, and the size
29 distribution was relatively narrow.
': . . . . o F87 Properties at Gel-like State At high concentrations and
e 000 001 002 003 004 005 high temperatures, F87 micelles in theTBE buffer were

Concentration (g/mL)

densely packed, leading to the formation of a gel-like ordered

structure. Figure 5a shows the typical SAXS intensity pattern
of 30% (w/v) F87 in x TBE buffer at 42°C. The corresponding
radially averaged 1-D profile is shown in Figure 5b. Four peaks
were observed with their peak positions following a simple
mathematical relation of 3/@:«/\73:2, which is characteristic
for a body-centered cubic (bcc) structure. From the position of
the first scattering peakii the cubic lattice constard =

V/2/s110 was calculated to be about 16.9 nm. The center-to-
apparent hydrodynamic radiug, is determined from the center distance of the two closest neighboring micelles was

Stokes-Einstein relation. At high temperatures, F87 forms V3a2 = 14.6 nm. From the lattice constant of the bcc
micelles in aqueous solution due to the breakdown of hydrogen Structure, the micellar aggregation numbgrcould be further
bonds between the PPO blocks and water. In our study, this€stimated by the equatiddy = CNaa¥(2Mws), whereC, N,
micelle formation process was monitored by dynamic light @nd My are the polymer solution concentration (g/mL), the
scattering at a scattering angle oP3Bigure 3 shows the plots ~ Avogadro number, and the molecular weight of the polymer,
of intensity contribution functionTG(I') vs the apparent respectively. A 30% (w/v) F87 solution in the<ITBE buffer
hydrodynamic radius of a 4« 1072 g/mL F87 solution in a'g 42°C had an aggregation number of about 57, Wh.ICh was
1xTBE buffer at four different temperatures. The average Slightly smaller than that<(65) of the 21.2% F127 solution in
apparentR, and the varianceu/T?) of both unimers and its geI-I_lke staté? We tested its sieving ability an_d, unfortu-
micelles at each temperature are listed in the corresponding panefately, it was not able to separate the oligonucleotide fragments
of Figure 3. The variance is a measure for the polydispersity of in @ 1.5 cm long separation channel that simulated the microchip
the system. The distribution could be estimated by the equationcondition in the Agilent Bioanalyzer 21G0.

Mw/Mn ~ 1 + 4(uT?9).47 At ~25 °C, a F87 solution at a F87 and F127 Solution Mixtures.The advantages of using
concentration of 4« 10-2 g/mL existed essentially as unimers ~a mixture of two block copolymers instead of a single copolymer
with Rnapp= 2.1 nm. When the temperature was increased to are that the DNA separation resolution is highly sensitive to
28.8 °C, micelles were formed and coexisted with unimers the copolymer block lengths. In addition, the sgel phase
whoseR,, appvalue was slightly decreased to 2.0 nm. This could transition temperature can be tuned by changing the weight
be expected, as increasing the temperature should increase th&actions of the two constituent copolymers. It is not practical
hydrophobicity of PPO blocks and cause a slight coil shrinkage. to synthesize an optimal block copolymer to meet the above
The unimer size distribution also became narrower with specifications. Our group successfully applied the triblock
increasing temperature. The average hydrodynamic radius ofcopolymer mixture as the sieving matrix for dsSDNA separation
micelles was estimated at 9.6 nm with a broad size distribution. by capillary electrophoresfS.A series of mixed solutions were
The corresponding area of each peak represents the intensityprepared using different F87/F127 weight ratios at a fixed
contribution of each component. The weight fraction of each concentration of 30% (w/v). The chosen concentration was
component in the system could be obtained from the peak areafound to be optimal for oligonucleotide separation by capillary
ratio assuming the total integrated area to be unity. When the electrophoresis in our previous stutly.

temperature was increased to 293 the dynamic equilibrium In microchip electrophoresis, the polymer solution viscosity
between unimers and micelles was shifted in favor of micelles. and the gel transition temperature are important parameters. A
Both the unimer size (1.8 nm) and micelle size (8.8 nm) were polymer solution with low viscosity will allow the rapid loading

Figure 2. (a) Typical static light scattering results for the determination
of critical micelle temperature (cmt) at various concentrations. (b)
Dependence of cmt on polymer solution concentration.

Dynamic light scattering (DLS) measures the intensity
intensity time correlation functio®@(r) as a function of the
delay timer. The normalized characteristic line width distribu-
tion functionG(I"), which is related to the translational diffusion
coefficient D, is obtained by the CONTIN analysi%.The
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Figure 3. Plots of intensity contribution functioRG(I') vs apparent hydrodynamic radius of ax410-2 g/mL F87 solution in X TBE buffer at
four different temperatures.
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Figure 4. CONTIN analysis of DLS results on F87 and F127 triblock (b)
copolymer micelles in ¥ TBE at different concentrations and 36.

30% (w/v) F87/1xTBE at 42 °C

0.0836 (1)

of polymer matrix into chip microchannels under low applied 0.1179 2'9)

pressure and, hence, make a full automation of the system easier.
An appropriate gel transition temperature will also facilitate the
solution filling process and help prevent the dye and oligo-
nucleotides from being destabilized at high temperatures. Figure
6 shows the temperature dependence of the apparent viscosity
of the 30% (w/v) F87/F127 mixture solution at different weight ———
ratios in Ix TBE buffer. The apparent viscosity was measured i i ' ' i i
at a constant shear rate of 0:3.sCompared with the zero shear s (nm”)

rate viscosity of 30% F87 in Figure 1, the temperature Figure 5. (a) Typical SAXS intensity pattern of 30% (w/v) F87 in
dependence of the viscosity of the mixed F87/F127 solution 1xTBE buffer at 42°C. (b) Corresponding radially averaged 1-D
was similar. The solution viscosity decreased slightly in the intensity profile.

beginning as the temperature was increased, and then increased

sharply to a high value, which indicated the gel formation at a over a wide range (from-18 to ~38 °C), and the process is
specific temperature determined by the polymer weight ratios. thermoreversible. The low viscosity and the easy-to-tune gel
As shown in Figure 6, the viscosity of different F87/F127 transition temperature are the desirable properties in microchip
mixture solutions was less than 100 cP at low temperatures, €lectrophoresis.

for example,~10 °C. It was almost 2 orders of magnitude With increasing temperature at high polymer concentrations,
smaller than those of the conventional polyacrylamide and poly- the increasing hydrophobicity of the PPO block causes an
(N,N-dimethylacrylamide) solution matrices used for DNA increase in the total number of micelles. The resulting repulsion
separation8® The sol-gel phase data of the mixture solution of the partially overlapping PEO coronae leads to a transforma-
could also be determined from the viscosity data in Figure 6. It tion to an ordered gel-like state. The ordered structures of the
was observed that the LCST of the mixture solution increased F87/F127 mixed solution at different weight ratios in their gel-
with increasing F87 content at the constant concentration of like states were investigated by small-angle X-ray scattering
30% (w/v). The sot-gel transition temperature could be tuned (SAXS). Figure 7 shows typical SAXS intensity patterns of 30%

0.1447 (3'%)

Scattered Intensity

0.1679 (2)
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Figure 6. Temperature dependence of apparent viscosity of 30% (W/ Figure 8. Change of lattice constant with F87 content in mixture
v) F87/F127 mixture solution at different weight ratios irx TBE solution.

buffer.
size and size distribution had the same tendency as that in dilute

F87 solution. At 25°C, unimers and micelles with a broad
distribution coexisted in the solution. The hydrophobic interac-
tions between PPO blocks were not strong enough so that some
aggregates were very large, with sizes of more than 100 nm.
As the temperature was increased, the increased hydrophobic
interactions caused the unimers to shrink. Because of the
minimization of free energy, the size distribution became
narrower. Enhanced PPO hydrophobic interactions due to the
temperature increase also shifted the equilibrium between
unimers and micelles to the direction in favor of micelles, as
indicated by a reduction in the integrated area of the unimer
Figure 7. Typical SAXS intensity patterns of 30% (w/v) F87/F127 Peakin Figure 9. Table 1 lists all the parameters obtained from
solution in IxTBE at different weight ratios in their gel-like states. both static and dynamic light scattering experiments. The
Three kinds of ordered structures were observed when the F127 conteninicelles of the F87/F127 mixture solution at different weight
(weight percent) in the mixed solution was changed from 0 to 30%. r4tjos almost had a constant hydrodynamic radius of about 10.6
o ) ) ) nm, except for the pure F87 solution with a size of about 6.3
(w/v) F87/F127 solution in £ TBE at different weight ratios ;3 Here, the apparent hydrodynamic radius referred to the line
in their gel-like states. Three kinds of structures were observed yidth measurements obtained = 30°, instead of the real
when the F127 content (weight percent) in the mixed solution pyqrodynamic radius obtained by extrapolation to zero scattering
was changed from 0 to 30%. On the basis of the peak position gpgle and infinite dilution, because the micelle size was obtained
ratios from SAXS (radially averaged 1-D profiles from 2-D 4 3 finite concentration (Figure 4) and angular dependence (data
patterns), the symmetry of the gel structure could be determined. ¢ shown). To calculate the micellar aggregation number, we
At lower F127 content (less than 50%), the mixed solution ,sed the modified RayleighGans-Debye equation by measur-
showed a body-centered cubic (bcc) structure whose peaking the excess Rayleigh ratio of micelles at°$b The
positions followed the ratio of 4/2:v/3:2. When the F127  aggregation number of the micelle apparently increased from
content reached 66.7%, a transition state was observed. The<s tg ~17 with an increase of F127 content in the solution. It
detailed structure could not be determined at this time. By further is interesting that the micellar aggregaﬁon number Changed with
increasing the F127 content in the mixed solution, the face- the F127 content in the mixture solution while the micellar size
centered cubic (fcc) structure, whose peak positions followed was kept almost constant, as the effective hydrodynamic size
the ratio of 13/4/3:/8/3:v/11/3:2, instead of the bcc structure, was determined essentially by the longer hydrophilic block of
was observed. With the introduction of F87 in F127, we could the two block copolymers.
not only tune the gel transition temperature but also change the Microchip Electrophoresis Performance on Oligonucle-
lattice constant of the ordered structure. Figure 8 shows the otide Separation.The sieving ability of the F87/F127 mixture
change of the lattice constant with the F87 content in the mixed solution for single-stranded oligonucleotide separation was
solution. The lattice constant could be tuned from 17 to 28 nm examined on the Agilent Bioanalyzer 2100, and the results were
by changing the F87/F127 weight ratio in the solution at a fixed compared with those for the Agilent gel. Several kinds of kits
concentration of 30% (w/v). It should be noted that the lattice for different size ranges have been provided by Agilent
constant at 10% F87 was estimated by assuming that the gelTechnologies. The DNA 500 Assay Kit was the one suitable
was in a transition state between fcc and bcc. for DNA fragment sizing and quantitation ranging from 25 to
The solution property of F87/F127 mixed solution at dilute 500 bp. It provided a higher resolution of smaller fragments
concentration was investigated by dynamic light scattering. (~5 bp in 25-100 bp) in comparison to other Agilent DNA
Figure 9 shows an example of plots of intensity contribution sizing kits. A 30% (w/v) F87/F127 mixture solution with a
function TG(I') vs the apparent hydrodynamic radius, ak8 weight ratio of 1:2 was used as the separation medium, which
1078 g/mL F87/F127 solution and a weight ratio of 1:2 in was found to be an optimized recipe for oligonucleotide
1x TBE buffer at different temperatures. The intensitytensity separation in our previous studies. Figure 10 shows the
time correlation function was measured at a scattering angle ofelectropherograms of oligonucleotide separation by the Agilent
30°. The average apparent hydrodynamic radRdg,pand the DNA 500 Kit (a) and our gel (b). Although the gel matrix in
variance {»/T?) of both unimers and micelles at each temper- the DNA 500 Kit had the best resolution for smaller DNA
ature are shown in Figure 9. The temperature effect on micelle fragments, it had no resolving power for oligonucleotides with
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Figure 9. Plots of intensity contribution functioRG(I') vs apparent hydrodynamic radius of a«810~2 g/mL F87/F127 solution at a weight ratio

of 1:2 in 1xTBE buffer at different temperatures.

Table 1. Laser Light Scattering Results for F87/F127 Dilute Solutions at 36C

F87/F127 weight ratio 30:0 255 20:10 15:15 10:20 5:25 0:30
micelle Ry app(Nm) 6.3 104 10.5 10.5 10.8 10.7 10.6
variance f2/T?) 0.063 0.063 0.063 0.053 0.058 0.058 0.053
calculatedVl,, (10° g/mol) 7.7 8.5 9.3 10.1 11 12 12.6
aggregatioNy 5 6 10 13 14 17 17

a size range from 8 to 32 base at any tested electrical fields.

Figure 10b illustrates the microchip electrophoresis of oligo-
nucleotide sizing markers with our optimized gel at’87under
an applied electrical field strength of 325 V/cm. The 30% (w/
v) F87/F127 mixture solution with a weight ratio of 1:2 had a
gel transition point of about 28C. At 37 °C, the mixture

through the hydrated poly(ethylene oxide) coronae whose chain
density is not uniform and through the interstitial domaihs.
The size of the migratable space in the gel, which is controlled
by the micellar size, the micellar aggregation number, the lattice
constant, and the macrolattice symmetry, may have an effect
on the resolution of oligonucleotide separations. The migratable

solution was in the_gel-llke state, and all ollgonycleotlde space of the 30% (w/v) F87/F127 macrolattice at a weight ratio
fragments were baseline separated. One base resolution has been . .
1:2 happens to match closely the size range of the tested

achieved for oligonucleotide separation by our gel in the Agilent ot .
Bioanalyzer 2100 system. To our knowledge, it is the highest oligonucleotide fragments and, hence, showed the best perfor-
resolution reported to date for oligonucleotides in the similar Mance.
size range achieved by microchip electrophoresis.

For the separation of small DNA fragments, small mesh sizes

are required according to the Ogston descriptoA.polymer Elﬁfmc mllxture dsolutlonlgol; laDr?\i IdZEj)NA fragmints. Ig (ta
solution as a good separation medium requires that a polymer sampie used was a P adder ranging from 0

network above its overlap concentration would be formed with 530 PP, which was obtained from Invitrogen (Carlsbad, CA).
a certain effective pore size through which the DNA fragments Figure 11 shows the electropherograms of the 10 bp DNA ladder
have to migraté3 On the basis of the scaling thed®the by using the 30% (w/v) F87/F127 mixture at a weight ratio of
average mesh size of a concentrated polymer solution is only1:2 and DNA 1000 matrix provided by Agilent Co. The DNA
dependent on the polymer solution concentration given that theladder is supplied at Zg/uL in 10 mM Tris-HCl and 1 mM
polymer chain length is much longer than the mesh size. We EDTA buffer and diluted to 250 ngl before applying it on
have estimated that the mesh size of the polymer solution the chip. The electropherogram in Figure 11a is a standard
remains almost constant when the solution concentration is Bjoanalyzer run using the DNA 1000 matrix as the separation
beyond 10% (w/v}? However, the minimized mesh size due medium. All fragments have been successfully separated within
to the concentration increase may still be too large to separategy s However, the sieving ability of the Pluronic mixture for
very sm.all oligonucleotide fragments. T.he mechamsm of DNA dsDNA was not as good. Several peaks were merged together
separation by a thermoresponsive gel is different from that by . S . .
conventional polymer solutions. In the gel-like state of our as shown in the electropherogram in Figure 11b. This experi-
' ment showed that the extension of the sieving ability of Pluronic

entangled coreshell micelles for oligonucleotide separation, ) ‘ . ; hio el h .
there are at least four qualitatively different domains, namely Mixtures for dsDNA separation by microchip electrophoresis

the condensed PPO micellar cores, the hydrated PEO micellar'S Not viable, while the 30% (w/v) F87/F127 mixture solution
shells, the entangled PEO chains in the overlapping micellar IS an optimized sieving matrix for oligonucleotide separation
coronae among neighboring micelles, and the water-rich inter- by microchip electrophoresis. The upper size limit for oligo-
stitial gaps between micelles. Highly charged oligonucleotides nucleotide separation is found to be 60 nt at present. Figure 12
tend to avoid the hydrophobic micellar cores and migrate shows the separation of self-made oligonucleotide ladders

Efforts have been made to extend the sieving ability of the
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Figure 12. Overlapped electropherograms (negative peak mode) of
Amersham oligonucleotide ladder (282 base) and Agilent self-made

260 . .
30 32 oligonucleotide ladder (3560 base).

®) r-37°
Our Gel ] Conclusions

Pluronic F87 was first introduced as a component of the
sieving matrix for oligonucleotide separation by microchip
electrophoresis. The solution properties of F87 4TBE buffer
were investigated by laser light scattering. Because of the smaller
hydrophobic part in F87 when compared with that in F127, the
F87 agueous solution has a higher critical micelle concentration

s : - - - and phase transition temperature than that of F127. At about
45 50 55 60 65 36 °C, the average apparent hydrodynamic radius(30°) of
Migration time (s) F87 micelles was about 6.3 nm with a narrow size distribution,
Figure 10. Electropherograms of single-stranded oligonucleotide sizing 2nd the micelle size was relatively independent of the polymer
marker (16-32 base) separated by Agilent DNA 500 Kit (a) and 30% solution concentration. At high polymer concentrations and high
(w/v) F87/F127 mixture solution at a weight ratio of 1:2 (b) at°&7 temperatures, the F87 micelles isx IBE buffer were densely
. . : : packed, leading to the formation of a gel-like ordered structure.
3201 (a) ] A 30% (w/v) F87 solution in XTBE buffer at 42°C had a
LM DNA 1000 matrix body-centered cubic structure, and the aggregation number was
‘ \ 10 bp ladder 3 about 57. A 30% (w/v) F87 solution in its gel-like state had no
sieving ability for oligonucleotide separation. When mixed with
F127, the mixture solution showed some interesting properties.
The gel transition temperature could be tuned from 17 t&C38
by varying the F87 content in the mixture. Two kinds of ordered
gel structures were observed: bcc and fcc. There was a transition
region between them whose structure had not yet been deter-
mined at this time. The lattice constant decreased with increasing
F87 content in the mixture. The viscosity of different F87/F127
Migration time (s) mixture solutions at low temperatures was less than 100 cP,
being very convenient for the solution injection into the
(6) ' ' ' ' microchip. In dilute solution, the micelles of the mixture solution
at different weight ratios had almost the same hydrodynamic
Oligo matrix 1 radius of about 10.6 nm. The sieving ability of the mixture
450 F ] solution was tested in our lab-built CE system and in the Agilent
10 bp ladder Bioanalyzer. The 30% (w/v) F87/F127 mixture solution at a
260 V/cm 1 weight ratio of 1:2 showed the best sieving ability. Under
optimized conditions, oligonucleotide sizing markers ranging
from 10 to 32 base could be separated within 40 s with one
base resolutiod The extension of this sieving matrix to dsDNA
separation was not viable.
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