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PCT/ US97/ 02179 ' A PROTEI N SEPARATI ONS -BY
CAPI LLARY ELECTROPHORESIS- 5 USING ANINO ACID-CCNTAINING BUFFERS

This invention resides in the field of el ectrophoresis of proteins, and
addr esses wersazies f or achi eving high resolution in pPCTESSHOMBpar at i ons
by capillary el ectrophoresis.

PROTEIN SEPARATIONS BY
CAPILLARY ELECTROPHORESIS
5 USING ACID- AINING BUFFER

This invention resides in the field of electrophoresis of proteins, and addresses
methods for achieving high resolution in protein separations by capillary electrophoresis.

BACKGROUND OF THE INVENTION

Analyses of the levels of proteins in mammalian serum are widely used as

10  indications of various diseases and abnormal physiological conditions. A subnormal level
of albumin, for example, is an indication of renal disease, while high albumin is a
characteristic of dehydration. Similarly, an elevated level of pre-8 lipoprotein can be an
indication of chronic alcoholism or of hyperestrogenism, and elevated levels of
{3-lipoprotein can be indicative of high cholesterol.

15 Proteins are readily separated by electrophoresis, and both slab gel electrophoresis
and capillary electrophoresis have been used. The advantage of capillary electrophoresis is
that very small samples can be analyzed, and because- of the high wall surface-to-volume
ratio in a capillary the heat generated by the electric current is rapidly dissipated, which
permits separations to be peformed at high voltages and therefore shorter separation times.

20  Open capillary zone electrophoresis, in which the separation medium is a buffer solution,
is particularly useful since the capillary can be easily conditioned and filled with the
solution for each use.

The electrokinetic potential at the capillary wall surface is a prominent factor in the
movement and separation of the proteins upon imposition of the electric field. This

25 movement and separation can be changed by the interactions between the proteins and the
capillary wall. Separations run at high or low pH, which place a net charge on the
proteins may minimize the interaction between the proteins and the capillary wall. These
interactions are particularly strong in capillaries made of fused silica, causing adsorption of
the proteins at the capillary wall. The adsorption has an influence on the electroosmotic

30 flow by changing the charge density of the wall surface. Changes in the electroosmotic
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flowin turn cause changes in mgration tines, peak resolution and
reproduci bi | i t wos¥eme consi derations al so apply, satitsugimoften to a
| esser extent, in slab el ectrophoresis, particularly with the use of
thin sl abs. Efforts to inprgve the separation by suppressing
the interaction between the 5 proteins and the capillary wall or other
wal | encl osi ndlowte e eansethanges inowigratioatimes,qealt tesothtipmand reprodutibitityd cRieieoprent
of a variety obnsiderafidng@isb spphaditichghvd?en R Wile@Bradikitht MOlabRREtdphaE, One
particularly with the use of thin slabs,
Efforts to improve the separation by suppressing the interaction between the
5  proteins and the capillary wall or other wall enclosing the separation zone have resuited in
the development of a variety of treatments, additives and operating conditions. One
technique is to use a buffer having a pH that is higher than the isoelectric points of the
sample proteins, thereby imparting a net negative charge to the proteins to repel them from
the negatively charged wall. A disadvantage of this method is the risk of hydrolysis and
10 other structural changes in the proteins. Strongly basic buffers with high sait
concentrations have also been used as a means of blocking ionic interactions between the
proteins and the wail. High salt concentrations however increase the conductivity of the
buffer and hence the rate of heat generation inside the capillary. A further alternative has
been to coat the wall to mask or neutralize the potential, and coatings for this purpose have
15  included polyacrylamide, glycol, and pentafluorobenzoy! groups. Disadvantages of coated
walls include low reproducibility due to the gradual deterioration of the coating over
repeated use, and a reduction in the speed of the analysis due to the elimination of the
electroendosmotic flow component. A still further alternative has been the inclusion of
borate ion in the running buffer to form complexes with the the sugar moieties of
'~ 20 giycoproteins and thereby neutralize their charge. Thé use of borate ion entails a risk of
denaturing certain proteins, particularly immunoglobulins, and thereby creating a separate
peak . Also, borate ion increases the conductivity of the buffer, limiting the electric field
and the speed with which the separation can be achieved.

SUMMARY OF THE INVENTION

25 It has now been discovered that effective and rapid protein separations can be
achieved by capillary electrophoresis without the detrimental characteristics of protein-wall
interactions, by using an alkaline run buffer containing an amino acid. Such a buffer is
useful in electrophoresis in general, including various electrophoretic cell geometries, but
is of particular interest with electrophoresis performed in capillaries. Capillaries of silica-

30 comaining material, particularly fused silica whose internal surface has not been coated,
are preferred. -

In optimal usage, the amino acid-containing buffer is used in the pretreatment of the
capillary or other electrophoretic cell prior to insertion of the sample, as a diluting buffer
for the sample as it is inserted, and as the electrode buffers in each of the two electrode

35 reservoirs which complete the electrical circuit between the voitage source and the
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's of particular interest with electrophoresis performed in capillaries.
Capillaries of silica- 30 containing material, particularly fused silica
whose internal surface has not been coated, are preferred.
In optimal usage, the amino acid-containing buffer is used in the _
pretreat ment of WO&32204 capillary or other el ectrophorePFuussge”™prior to
I nsertion of the sanple, as a diluting buffer for the sanple as it is
inserted, and as the electrode buffers in3each of the two ﬁl ectlr;)de 35
I- [ - source
and the o ST reflon. 'The whind Seds bt UL PTRPB A OB ROBIEDOG
10: 51: 58 page -PHatein interactions, and avoid the\€jslo 31 de@ah@4kion. Separations performed with
PCT/ US97/ 02179 buffers according to this invention will therefore provide the same or an equivalent
separation as those achieved by slab gel electrophoresis, with high precision, high
5  resolution and reproducibility.
These and other features and advantages of the invention will become more
apparent from the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electropherogram of a normal serum éample analyzed by capillary
10  zone electrophoresis using a buffer of the present invention.

FIG. 2a is an electropherogram of a normal serum sample analyzed by capillary
zone electrophoresis using a buffer of the present invention, using a different set of
operating conditions from those of FIG. 1.

FIG. 2b is a densitometry scan of the same serum sample as FIG. 2a analyzed by

15 slab gel electrophoresis using a buffer outside the scope of this invention.

FIG. 3a is an electropherogram of a serum sample from a subject with monoclonal
gammopathy, using capillary zone electrophoresis with a buffer of the present invention.

FIG. 3b is a densitometry scan of the same serum sample as FIG. 3a analyzed by

. stab gel electrophoresis using a buffer outside the scope of this invention.
20 FIG. 4a is an electropherogram of a serum sample from a subject with polycional
gammopathy, using capillary zone electrophoresis with a buffer of the present invention.

FIG. 4b is a densitometry scan of the same serum sample as FIG. 4a analyzed by
slab gel electrophoresis using a buffer outside the scope of this invention.

FIG. 5a is an electropherogram of a serum sample from a subject with IgA

25 monoclonal gammopathy with normal IgG, using capillary zone electrophoresis with a
buffer of the present invention.,

FIG. 5b is a densitometry scan of the same serum sample as FIG. 5a analyzed by
slab gel electrophoresis using a buffer outside the scope of this invention.

FIG. 6a is an electropherogram of a serum sample from a subject with biclonal or

30  oligoclonal gammopathy with elevated o, and «,, using capillary zone electrophoresis with
a buffer of the present invention.

FIG. 6b is a densitometry scan of the same serum sample as FIG. 6a analyzed by

slab gel electrophoresis using a buffer outside the scope of this invention.
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ol ycl onal anmppat h usi.ng capillary zopne el ectrophoresis with a
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15 FIG. 8e is a comparison plot analogous to that of F1G. 8a for ¥ globulin peak
areas.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Amino acids are effective in this invention by virtue of their negative charge at high

20 pH due to the ionization of the carboxyl group (—COOQ"). Useful amino acids include both
the essential and nonessential amino acids. Examples of some of the more prominent
amino acids are glycine, alanine, valine, leucine, isoleucine, serine, threonine, proline,
aspartate, glutamate, arginine, threonine and glutamine. Preferred among these are
glycine, alanine, valine, leucine, isoleucine, serine, threonine and proline, with the more

25  preferred being glycine, alanine, valine, leucine and isoleucine. A preferred class of
amino acids are a-amino acids, and particularly those that have a relatively low
conductivity in aqueous solution, such as glycine. Two or more amino acids may be used
in a single buffer solution rather than just one, although in most cases a single amino acid
will suffice.

30 The concentration of the amino acid is not crmcal and the optimal concentration in
any particular case may vary depending on such factors as the ditution of the sample being
analyzed and the nature of the capillary, both in terms of any surface treatments which
may have been applied and its inner diameter. In general, best results are obtained with
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FIG.7a is an electropherogramof a serumsanple froma subject with

m ni nonocl onal ganmmopat hy, using capillary zone el ectrophoresis with a
buffer of the WO%BR8&kent invention. FI G 7BCr/YsIz02179
densitonetry scan of the sane serumsanple as FIG 7a analyzed by 5 sl ab
gel electrophoresis using a buffer outsidesthe scope of this invention.

FIG 8a.s a correlation plot of albumn peak areas obtained by capillary.
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ar eas. the buffer prior to being injected into or loaded on the column. The degree of dilution is
not critical and may vary. Best results will generally be achieved, however, with dilutions
10  of 1 part sample to a range of from about 1 part to about. 100 parts of the buffer solution,
and preferably 1 part sample to a range of from about 3 parts to about 30 parts of the
buffer solution.

The invention has application to liquid saniples of protein mixtures in general, with
particular utility when used for the analysis of samples of biological fluids. Examples of

15  such fluids are urine, saliva, cerebrospinal fluid, whole blood, plasma and serum. Serum
samples are of particular interest.

The buffer soiution may contain further additives. Salts for example, may be
included to increase the ionic strength of the solution for purposes of enhancing the
resolution of the sepirated protein zones. Preferred salts are inorganic salts, such as

20  halides of alkaline and alkaline earth metals. Examples are sodium and potassium halides,
such as chioride, jodide, bromide and fluoride, with sodium chloride preferred. The
concentration of the salt is not critical and can vary, with optimal ranges depending on the
other variables of the system. A typical range is from about 1 mM to about 100 mM, and
preferably from about 10 mM to about 30 mi.

25 It is also preferred that the buffer solution contain no other buffering agents than
the amino acid. It is further preferred that the buffer solution contain no additives which
form complexes or otherwise bind or interact with the proteins or the capillary wall. In
particular, the buffer preferably does not include borate ion, phosphate ion, or substituted
analogs of either borate or phosphate ion. Nevertheless, benefits of the invention can stilf

30 be attained even if these additives are present.

The invention likewise offers benefits of improved performance in capillaries of a

variety of materials, with or without coatings. As noted above, however, the invention is
- of particular interest in capillaries of silica-containing materials such as fused silica, glass
or quartz, and most particularly silica-containing capillaries whose internal wall surfaces

35  are uncoated.

Protein separations in accordance with the present invention are readily performed
with equipment, materials, operating conditions and procedures used in conventional
electrophoretic separations. Preferred capillaries are those having internal diameters of
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am no acid concentrations mnthln t he range of about 10 mMto about 500 niV
and pr ef @oawdayeaabout 20 MM to about 200 nM pcT/usomzie buffer

I's preferably an aqueous sol ution, although not necessarily limted to

any particular solvent. The solution is @l kaline to inpose a negative
charge on the amino 5 acid. Wile the degree of alkalinity may vary,
preferred sol less harsabant200 mictensivind lmostHpreferably abgut H} mictonstorabong &00ohiceibput 8 t o

about 11, andThdfmbenBbelsQlsa RpplicadlRQs blediroplidretid Gearafiéhs performed in slab-shaped
cells and other non-capillary systems. For capillary systems, voltages of at least about 50
volts per centimeter length of the capillary are preferred, with a voltage range of about
5 100 volts/cm 10 about 1000 volts/cm particularly preferred.

The following examples are offered strictly for purposes of illustration, and are
intended neither to define nor to limit the invention in any manner.

EXAMPLE 1

A running buffer was prepared by dissolving 25 mM glycine and 25 mM NaCl in
10  deionized water and adjusting the pH to 11 with 1 N NaOH. A fused silica capillary
‘measuring 50 y inside diameter with an outside diameter of 375 u, and a total length of
25 cm (20 cm from the inlet to the detector) was used. The inside surface of the capillary
was uncoated, while the outside surface was coated with polyimide to improve flexibility
' and resist breakage. The capillary was preconditioned by washing for 2 minutes with 1 N
15 NaOH, rinsing for 2 minutes with distilied water, and washing for 5 minutes with the
running buffer. The capillary was then conditioned by passing 20 kV through the capiliary
for 2 hours while filled with the running buffer.
Drug-free (normal) serum was diluted 50 times with the running buffer, then
injectéd into the capillary by pressure at 2 psi (0.14 kg/cm®) for 1 second. Electrophoresis
20  was then run at a voltage of 15.00 kV with detection by absorptivity at a wavelength of
214 mm. Five peaks appeared within three minutes, as shown by the electropherogram in
FIG. 1. The peaks represent, from left to right, the v (gamma) globulin fraction, the 8
(beta) globulin fraction, the o (alpha-1) globulin fraction, the ¢, (alpha-2) globulin
fraction, and the albumin fraction. The peaks are well-defined with a steady baseline.

25 EXAMPLE 2

This example uses a buffer solution of the present invention to compare
electropherograms of serum samples from human subjects with various diseases, and also
includes électropherograms taken on agarose gels without the presence of amino acid.

The amino acid running buffer was prepared by dissolving 11.26 g of glycine and

30  0.76 g NaCl in 800 mL distilled water, adjusting the pH of the solution to 96with 1 N
NaOH, then bringing the final volume to 1000 mL with deionized water and passing the
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with or wthout coatiGh ﬂg’“ﬁm‘“&’é&%‘g‘mﬁ'&mé‘i‘m banhital SRERE Rt i on i s
20 FIG. 3a serum from subject with monocional gammopathy, using capillary zone

electrophoresis with glycine running buffer
FIG. 3b: serum from subject with monoclonal gammopathy, using agarose slab gel
with barbital buffer
FIG. 4a: serum from subject with polycional gammopathy, using capillary zone
25 electrophoresis with glycine running buffer
FIG. 4b: serum from subject with polyclonal gammopathy, using agarose slab gel
with barbital buffer
FIG. 5a: serum from subject with IgA monoclonal gammopathy with normal IgG,
using capillary zone electrophoresis with glycine running buffer
30 FIG. 5b: serum from subject with IgA monoclonal gammopathy with normal IgG.
using agarose slab gel with barbital buffer
FIG. 6a: serum from subject with biclonal or oligoclonal gammopathy with
elevated «; and o, using capillary zone electrophoresis with glycine running
buffer
35 FIG. 6b: serum from subject with biclonal or oligoclonal gammopathy with
elevated o, and «,, using agarose slab gel with barbital buffer
FIG. 7a: serum from subject with minimonoclonal gammopathy, using capillary
zone electrophoresis with glycine running buffer
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as fused silica, glass or quartz, and nost particularly
silica-containing capillaries whose internal wall surfaces 35 are -
uncoat ed. Protein separations in accordance with the present
invention arée readily perforned wi th equi prent, materials, operating
condi tions and procedures used in conventional electrophoretic
separations. Preferred capillaries are those having internal dianmeters of
Printed fronlwlnnsa 05/03/1999 10 51 58 page -7- L WO

97/ 32204 ' S
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6 | ess than about 200 m crons, and nost preferably about 10 m crons
to .about’ 100 m crons. The invention is also applicable to

el ectrophoretic separations perfornmed in slab-shaped cell s and ot her
non-capillary systens. For capillary systens, voltages of at |east about 50
vol ts per cent wostsied ength of the capillary are preferregrushblizea vol t age
range of about 5 100 volts/cmto about 1000 volts/cmparticularly

preferred. The following exgmples are offered strictly for
purposes of illustration, and are i ntended neither to define nor to
limt the inventi oHG. Mb:asyumdomesnbject with minimonoclonal gammopathy, using agarose

EXAMPLE 1 slab £&1 fwWith BhrBithl Btk e was prepared by dissolving 25 nM

gl yeine and 25 M NaChoi Dokl n aff5¢ kS5 obR ik AL UBERA of By © 11

with 1 N NaOH A_fus I amet er
with an outsi @84 &gl @F“'Bf‘“dé'?%f’i‘f“"'ﬁr?ﬂ % £ andyy: ‘PQ\%‘g‘E’T’F’o@m right o kfidm (20 cm
fromthe il etthe capilliry zokstelectrophyresiptacess autl frofin leftitmggid dn theslatage of t he

capillary eled@éphoregORdce] albiidiin/being (e IfgtkepetiCinShbhfca®e INVEEG. BaahS vV t h
pol yi m de to 'éfaﬁ %ﬂls (E?S-hr@ﬁdoh b of 1.1 16208 1285k lbaﬂ g&ﬁ@gg capi | lary

dit t f
2 i Mt oS wi { HORFCYY. A<, n Up shimas FetbA I O 30 PHh v UL BE Pt

runni ng buf f erwererwear@eppisl qffa:ptyelwggthg PRPﬂlaUcﬂ%ﬁ gl¢ctrpphgresis) travas withnthe gncmev t hr ough
t he capi | | Bxry buffer as tie@ rwei ih cherstab\géli eleetréphoresisckracest withi thebathiahbuffgr. buf f er .
Drug-free (normal) serumwas diluted 50 times with the running buffer, then

EXAMPLE 3

This example reports a correlation study in which serum samples from 37 different
patients were analyzed by the two methods described in Example 2. Comparisons of the
areas under the peaks were made between the two methods for each of the five

15 components, the areas having been determined by integrators. Regression analyses were
also performed. The results are plotted in FIGS. 8a, 8b, 8c, 8d and 8e, for the albumin,
o, a5, B and vy fractions, respectively. :
The regression analyses produced the following:

FIG. 8a: y = 0.9836x + 2.4469; R* = 0.9176
20" FIG. 8b: y = 1.5197x + 0.2363; R? = 0.9223
FIG. 8c: y = 0.8888x - 0.0989; R? = 0.8931
FIG. 8d: y = 0.4147x + 2.3944; R* = 0.4587
FIG. 8e: y = 1.0696x - 0.4784; R? = 0.9789

The correlation for the 8 zone (FIG. 8d) is not as good as the correlations for the
25  other four zones. There are two possible reasons. First, the 8, globulin may bind to dye
‘with high affinity but with low UV absorbance. Second, the auto-delimiting on the
densitometer was not consistent. The correlations for the other four zones however are
convincing evidence that the capillary zone electrophoresis method with glycine buffer is
an effective means of achieving proper separation of the proteins in the serum samples.

Printed from Mimosa 05/03/1999 10:51:58 page -10-



injected into the capillary by pressure at 2 psi (0.14 kg/cnferr]) for 1
second. El ectrophoresis 20 was then run at a voltage of 15.00 kV with
detection by absorptivity at a wavel ength of 214 mm Five peaks
appeared within three m nutes, as shown by the el ectropherogramin

FIG 1. The pe¥oI7Bapt esent, fromleft to right, the [er PFVPHHME) gl obul in

fraction, the [err] (beta) globulin fraction, the a, (alpha-1)
globulin fraction, the [err] (al pha-2) glebulin fraction, and the

al bum n fraction. The peaks are well-defined with a steady baseline. 25
EXAMPLE 2 This exanpl e uses a buffer solution of the present
i nvention to conpare el ect r ophe EXQMBEE 4f serum sanpl es from human
subjects with vari ous di seases, and al so | ncI udes el ect r opher ogr ans
taken on agarose ¢ }QMM Iuﬁsﬁ ‘35‘%%&’9 -The

am no acid run er was are Vi of glycine and
30 0.76 g Na%ﬁ"%ﬂ"%‘ﬁ scppragions of § PRgle St ?ampgfdﬂfs 5“‘? P?’é‘edlg—F“oF“‘? i
sol ution to 9. @mgiwels perfogmed in each capiliyay in ¢oasecysive ManDAYWitheut iptexyening, ol une t o

1000 nL w th deésmnéntsad theahgiliarias) nded 8 icomflitioRedescribed in Example 2. Migration

Printed from M;aBsad pbhr/ a3 w&e heashd Pl caetPelb@pheroBram for each of the five peaks
plus an internal standard. The mean values were then calculated for each series of ten _
runs in a run-te-run comparison for each capillary, and standard deviations and coefficients
of variation (the standard deviation divided by the mean) were determined. The results are

10  listed in Tables I and II, where "S.D." denotes the standard deviation, and "%C.V." the

coefficient of variation expressed as a percent. The mean values were then compared in a
capillary-to-capillary comparison, and overall means were then caiculated, together with
standard deviations and coefficients of variation. These are listed in Table III. It is
evident from all three tables that high reproducilibity and precision was obtained.

Printed from Mimosa 05/03/1999 10:51:58 page -11-
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resulting solution through a 0.5 p filter. The resulting running buffer
contai ned 150 mV gl ycine. The serum sanples were prepared by m xi ng
one part sanpl evosisheani ne parts runni ng buffer (vol eceudsaen®). The
capillary was fused silica wth an inside dianmeter of 25 p and an
outside diameter of 360 p, with a lengthi®f 24 cm of which 19 cmwas the
5 distance frominlet to detector. The interior surface of the capillary

was uncoated, while the outer surTABEE#as coated with polyinide. The
capi | lary was prepared by R8%iriyg Campsisons in IndividugiCepilanit 30 seconds,
foll owed by a th the running buffe anlllary
zone el ectrophpresis (using the upahéd buffef alonfe as | he separat]on
medi um s conduct ed aPeala- esnauia gt AtbuginOf AIRGI g rAlph«) | Vlieth hl Garmanpl e
I njection of 5[pSi . erp]) 10 Tor one second, and a run ol tage
umbe; Sﬂgp
of 15 kV at 16 pAnperﬁggcf AP eeTHAH-g5—and dete et++6fr mm
The conparisonftests [wage peMiorqed-1in |preScasil-Shgqr blde 14D Delis, ISi ng
bar bi t al uffer. T‘lg,; pufsiper | composi td.m\ vao2110 06k [o0.014 | o0.008
5, 5-di et hyl bar pickgifalyC % d{prus 30 IV 5, Nyl oarprroftc, acld
sodi um sal t, tho.adypH-ﬁ?)—LL %C'g.n: RN ab‘ﬁ o %Jbv \v,’ézus g ol el 15 stain
to render the proteir visibl e 19.2 50.9 7.2 7.1 9.4
Peak | gp. 02098 | 0244 | 019 | 0ass |02 0.108
Area
%C.V. 1.09 - 0.48 3.33 215 |2.82 1.15
Number of Samples: 10
Migra- | Mean 2.17 .73 1.59 144 | 133 1.19
.;;':;‘e S.D. 00206 | 0.0127 | 0.0082 | 0.0074 |0.0048 | 0.0042
[ Colay | @mim | wcv. | o095 073 | 051 | 051 |0.36 0.35
‘Mean | 185 51 5.53 754 |11 9.38
Pek | s 0.28 017 | ooes | 0097 [o4s | oum
# %C.V. 1.51 . 0.33 1.24 128 |2.01 1.93
Number of Samples: 10 -
Migra- | Mean 2.18 1.73 1.59 144 |1.33 1.19
;ﬁ; S.D. 0.0084 | 0.0048 | 0.0048 | 0.0047 |0.0048 | 0.0042
Cg:llgfy (min) | gC.v. 0.39 0.28 0.3 0.33 [0.36 0.35
Mean | 183 51.1 6 7.6 7 9.1
beak | so. 0215 | 0204 | 0193 | 0132 {032 | o.45
%C.V. 1.17 0.57 3.22 .73 |1.88 1.59
. T —
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The el ectropherogramtraces are shown in individual figures as foll ows:
FIG 2a: normal serumusing capillary zone el ectrophoresis with glycine

runni ng buf f er FIG 2b: normal serum using
agarose slab gel with barbital buffer 20 FIG 3a: serumfrom
subj ect with nonocl onal gamopat hy, using capillary zone .

el ectrophoresis with glycine running buffer FIG 3b: serum
from subject with nonocl onal gammopat hy, using agarose sl ab gel

with barbital buffer FIG 4a: serumfrom subject with

pol ycl onal ganmopat hy, using capillary zone 25

el ectrophoresis with glycine running buffer FIG 4b: serum
from subject w.th polyclonal ganmopathy, using.agarose. sl ab gel

with barbital buffer . - " FIG 5a serumfromsubject Wit h | gA
monocl onal gammopathy with normal 19G. _ using capillary
zone el ectrophoresr s w th glycine running buffer 30° L ~ FtG b5b:
serum from subj ect with I gA nonocl onal .ganmopat- hy Wit h normal |gG

usi ng agarose slab gel w'th barbital: buffer. * . - FIG 6a serum

from subj ect -with bi.clonal or oli ‘gocl-onal garmopat hy wi'th

el evated [err] ~and a2, using capillary zone eI ect rophor esi-s wth glycine
runni ng -+ buffer -35- - - Fl G 6b: 'serum from subj ect
wi th bicl onal -or._ oligoclonal gamopathy with: el evated
[err], and [err], using agarose sl ab. gel- Wit h barbrtal buffer

FI G 7a serum from subject  with m ni.nonocl onal gammpat hy usi hg capillary
zone el ect rophor esis wi-th-glycine running buffer S
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FIG 7b: serumfrom subject w th mninonoclonal ganmmopathy, using agarose-
sl ab gel wth ba¥®$¥3a304 huf f er The peaks showPdrfUsEr®di t hese
el ectropherograns, with the exception of FIGS. ba . and 5b, are al bumn
and the fractions [err],[err], [err], [errft and [err], in that order, from
right to.left in5 the capl | ary zone eI ectrophore3| s traces, and from
left to right in the slabg el ecl é ?lstraces al buni n bei ng
the |argest peak in each E&H¥¥-Ryn{omppsisonsin Further fndyyidual Capiflarjes most peaks (at
retention tines il 16 and 1 24 _rosnoctively) are
Internal
Peak - | Standard | Albumin | Alpha-1 | Alpha-2 | Beta | Gamma
Number of Samples: 10
Migra- Mean ' 2.09 1.66 1.53 1.38 1.29 115
.1'.:‘:; S.D. 0.0597 | 0.0368 | 003 | 0.0259 |0.0227 | 0.0195
Coplllay | ¢mim) | v | 285 | 2210 | 196 |18 [1% 1.69
Mean 19.6 51.8 5.2 7.1 7.1 8.9
Fek 1 sp 0.129 27
Area D. 0. 0. 0.207 | 0.123 [0.155 | o0.158
%C.V. 0.66 0.52 3.98 173 |28 1.77
Number of Samples: 10 '
Migra- | Mean 2.06 1.65 1.52 1.37 1.27 .14
1‘.::'; S.D. 0.0534 | 0.033 | 0.028 | 0.0242 [0.0206 | 0.0171
Copillay | min) | mcv. | 259 2 18 | 177 |1e2 1.5
Mean 18.4 51.8 5.5 7.4 7.2 8.6
ﬁ 5.D. 0.135 0.1197 | 0.1075 | 0.1449 [0.1354 | 0.1337
%C.V. 0.73 0.23 1.95 196 }1.88 1.56
Number of Samples: 10
Migra- | Mean 2.07 1.67 1.53 139|129 1.15
1'.:?"“: S.D. 0.0726 | 0.0334 | 0.0273 | 0.0244 {0.0208 | 0.0155
Copillary | (mim) | mcv. | 3.1 2 178 | 176 |16 135
Mean | 18.8 51.2 5.6 7.5 7.2 8.8
i‘::: S.D. 0.137 0.2098 | 0.1449 | 0.165 |0.1619 | 0.1287
%C.V. 0.73 0.41 2.59 2.2 2.25 1.46
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respectively, as. are the two rightnost peaks in FIG 5b. The traces show
t hat the peaks were separated as effectively in the capillary zone
el ectrophoresis traces with the glycine 10 buffer as they were in the
sl ab gel el ectrophoresis traces with the barbital buffer.

EXAMPLE 3 wo9732204 This exanple reports a correl ati ecresswatyri n whi ch
serum sanples from 37 different patients were anal yzed by the two
nmet hods descri bed in Exanple 2. Cowparis?ps of the areas under the
peaks were made between the two nethods for each of the five 15 '
conponents, the areas having been det #ABLEdH by i ntegrators. Regression

anal yses were al so per f ofnapitiary-pHeapillary Jomparisoas pl otted in FIGS. 8a,
8b, 8c, 8d and _8e, for the albunmn [err], [err], [err] and [err]
fractions, respectively. emal 1NE T €OF €SSI §n ana] yses| proauged: t he
fol | ow ng: FI'G 8a: pek-| Standary | “AtSdmBSSApha-1 | AtpfldOP ;BetiR?] GanthaOll 76 20
FI G 8b: Y= T. DI9/X +]|0 53, eI | .— - IR Z3 |G 8c:
y = 0.8888x - p.0989: é‘rﬂlﬁii’“o g3 T & s 4 il Th3 WIS_ B 4147
+ 2.3944; R erf]cepr 9. 71 S.b. 0.0508 | 0.035 | 0.031 | 0.0302 }0.024 0.0216 .
lar:m (min) %C.V. 2.4 2.07 2.02 2.14 |186 1.86
through Mean 18.8 51.3 5.6 7.4 7.1 9
6 Peak
Avea S.D. 0.51 0.4 0.26 0.194 |o.082 | 0.327
%C.V. 2.71 078 | 471 262 |15 3.62

The foregoing is offered primarily for purposes of illustration. It will be readily
apparent to those skilled in the art that the operating conditions, materials, procedural steps
and other parameters of the system described herein may be further modified or substituted
in various ways without departing from the spirit and scope of the invention.
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FI G 8e:

correl ation for the [errjnzQneubdHeta Rfiled S_NOt_as
[err] globulin may bind t

y = 1.0696x - 0.4784; Rerr] = 0.9789

The

good as the correl ations
for t.he 25 ot her four .z e t e reasons. First, the
Hlmkummmu Fh i affipity but wwth | ow UV
absorbance. SeWwsrms2ehe all et g, on | den®CTEHRARP was not

consistent. The correlations for the -other four zones however are
convi nci ng evidence that the capillary zon®g el ectrophoresis nethod with
S an effective neans of achieving proper separation

gl yci ne.buffer

of the protei nWVELLAMM: ser um sanpl es. Printed
from M nosa 05/03/1999 10:51:58 page - 10- WO 97/ 32204
PCT/ US897/ 02179 1. A method of separating a mixture of proteins in a liquid sample, said

2  method comprising electrophoretically passing said sample through a capillary filled with

3 an alkaline solution of an amino acid by imposing an electric field across said separation

4  vessel.

1 2. A method in accordance with claim 1 in which said amino acid is a

2  member selected from the group consisting of glycine, alanine, valine, leucine, isoleucine,

3 serine, threonine, proline, aspartate, glutamate, arginine, threonine and glutamine.

1 3. A method in accordance with claim 1 in which said amino acid is glycine.

1 4. A method in accordance with claim 1 in which said alkaline solution is

2 free of borate ion and phosphate ion.

1 5. A method in accordance with claim 1 in which said alkaline solution has a

2  pH of from about 8 to about 11.

1 6. A method in accordance with claim 1 in which said amino acid constitutes

2  from about 10 mM to about 500 mM of said alkaline solution.

1 7. A method in accordance with claim 1 in which said capillary has an

2 internal diameter of less than about 200 microns.

1 8. A method in accordance with claim 1 in which said electric field is

2 achieved by applying a voltage of at least about 50 volts per centimeter of capillary length

3 across said capillary.

1 9. A method in accordance with claim 1 in which said capillary is a fused

2  silica capillary.

1 10. A method in accordance with claim 1 in which said capillary is a fused
2  silica capillary having an inner surface of exposed silica.

D

Printed from Mimosa 05/03/1999 10:51:58 page -15-



9 EXAVMPLE 4 Thi s
exanple is a study of the reproducibility of results fromrepeated
el ectrophoretic separations of a single serumsanple. Six capillaries were
used, and ten ~runs were perforned in each capillary in consecutive
manner w t hout ™WQBR®Bhing 5 treatnents of the capill ar PEFUSSYREBr t he
conditions described in Exanple 2. Mgration times and peak areas were
measured in each el ectropherogramfor each of the five peaks pl us an
internal standard. The nean val ues wet&2then cal cul ated for each series of
ten runs in a run-to-run conparison for each capillary, and standard
deviations and coefficients of variation (the standard deviation
di vided by the nmean) were determ ned. The results are 10 listed in Tabl es
| and 11, where "S.D." denotes the standard deviation, and "%C. V." the
coefficient of variation expressed as a percent. The mean val ues were then
conpared in.a capillary-to-capillary conparison, and oggrall neans
were then cal cul ated, together with standard devi ati gqn$and
coefficients of variation. These are listed in Table Ill}. JI#is
evident fromall three tables that high reproducilibity d precision was
obt ai ned.

5% 4

4.00

3.00

16C —

Fig. 1

14 A
S0'¢C "

2.00

1.00

0.00
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9.92 4
4.89 -
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Fig. 2b
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TABLE | _ Run-to- Run Conparisons in Individual Capillaries
I nternal Peak St andar d Al bum n Al pha-1 Al pha-2 Beta Gamma
WO 97/32204  PCT/US7A2179
3/12
A 1563 -
™
B~
11304 ~ |
7.34 -
3.38
o
o
o
-0.58 | T T T 1
0.97 1.18 1.40 1.62 1.83 2.05
Fig. 3a
Fig. 3b
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Nunber of Sanples: 10 . Mgra- Mean 2.11 1.68 1.55

1.41 1.31 1.16 tion Ti me S. D. 0. 034
0.023 0.021 0.014 0.014 - 0.008 Capillary (mn) Y. V. 1.63
1.37 1.37 1.02 1.09 0.7 No. 1 Mean
19.2 50.9 WoO9g324 7.2 7.1 9.4 PERIS97/02178 D,
0.2098 0.244 0.19 0.155 0.2 0.108 Area %C. V.
1.09 0. 48 3.33 2.15 2.82 4/121 15 Nunber of
Sanpl es: 10 M gr a- Mean 2. 17 1.73 1.59 1.44
1.33 1.19 Ti me S.D. 0. 0206 0.0127 0.0082 0.0074
0. 0048 0. 0042 i hlpary (mn) 9. V. . 95 0.73 0.51
0.51 0. 36 O%gA'GaND. 2 §) Mean 18.5 51
5.53 7.54 7.21 9. 3B Peak S. D 0. 28 0.17
0.068 0.097 0.145  0.}81 Area n 9%C. V.
1.51 0. 33 1.24 1428 2.01 1.93 Nunber of
Sanmpl es: 10 | pra- Mean 2.18 1.73  1.59 1.44
1.33 1.19 10'35\/‘ _
7.30
-
N
-~ ™
3.65 - 8 v
L ® :
-
o
et
0.00 T T  — T 1
0.97 1.27 1.57 1.87 217 2.47

Fig. 4a

Fig. 4b
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tion S. D 0.0084 0.0048 0.0048 0.0047 0.0048 0.0042

Ti ne Capillary (mn) %C. V. 0. 39 0. 28 0.3 0. 33
0.36 - 0. 35 No. 3 Mean 18. 3 51.1 6
7.6 7 9.1 Ar ea S. D. 0. 215 0.294 0.193
0.132 0.132 wo 5745304 : uC. V. 1.17 PCcT/OS9BM2179 3. 22
1.73 1.88 1.59
5/12
A 15.2 - %
-
11.41 -
7.61 -
o
N
-«
3.81 - -3
m v
0
- = 3
-
0.01 1 | | { LR
085 1.20 1.45 1.70 195 220

Fig. ba

_ A

Fig. 5b

Printed from Mimosa 05/03/1999 10:51:58 page -20-



Printed from M nosa 05/03/ 1999 10: 51: 58 page - 12- WO 97/ 32204

PCT/ US97/ 02179 11
TABLE |1 ' Run-to- Run Conpari sons in Further |ndividua
Capillaries .
WO 97/32204 PCT/US97/02179
6/12
A 7.9 - ~
-
5.92 -
3.94
| «,
<
-
1.96 -
(o),
»
-
'(L‘J:Z I 1 T 1

1
085 122 148 175 202 228
Fig. 6a

Fig. 6b
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| nter naI_

Peak- Standard Albumin Al pha-I Al pha-2 Beta

Ganmma . Nunber of Sanples: 10 M gr a- Mean 2.09
1.66 - 1.53 1.38 1.29 1.15 Ti ne S. D. 0. 0597
0.0368 0.03 0.0259 0.0227 0.0195 Capillary (min) %C. V. 2.85
2.21' 1.96 wols788304 1.76 1.69 No. 4 PCT/USITIO2179 Mean
19.6 51.8 52 7.1 7.1 8.9 Peak
Area S. D. 0.129 0. 27 0.207 7/1®.123 0. 155 0. 158
%C. V. 0. 66 0.52 3.98 1.73 2.18 1.77 Nunber
of Sanples: 10 M gra- Mean 2.06 1.65 1.52 1.37
1.27 1.14 A 12.8 <fi ne S. D. 0. 0534 0. 033 0. 028 0.0242
0.0206 0.0171 Capillary] (nin) Y%C. V. 2.589 2 1.84
1.77 1.62 1.5 No. | 5 Lkan 18. 4 51.8
55 - 7.4 7.2 B.. 6 Ar ea S. D 0. 135 0. 1197
0.1075 0.1449 0.1354 0.131337" n o%C. V. 0.73 0.23
1.95 1.96 1.88 9.60 H 56

6.40 -

N o
3.20 - ~ 2
< ¥ -
-— - | Ea
o
0.00 T | T !
0.98 1.22 1.46 1.64 192 2156
Fig. 7a
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Nunmber of Sanples: 10 M gr a- Mean 2. 07 1. 67 1.53

1.39 '1.i 29 1.15 Ti me S. D. 0.0726 0.0334 0.0273
0.0244 0.0208 0.0155 Capillary (mn) oC. V. 3.51 -2
1.78 1.76 1.61 1.35 No. 6 ' Mean 18. 8
51.2 5.6 wosuizad 7.2 8.8 Peak PCI/USY702179 . 137
0.2098 0.1449 0.165 0.1619 0. 1287 oC. V. 0.73
0.41 2.59 2.2 2.25 1.46 8/12
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TABLE 11 . : Capi |l | ary-to-Capillary Conparisons
WO 97132204 PCT/US97/02179
9/12
o
P -
- O)
- €O
-~
L © 15;
e .
-0 ©
[+
s iC
- <
R
- o
- N
i
o

1 | I L ' I 1 1
© O ¢ N O O O w &N O
- T e ™

(20) L-eudiv %
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t nt er nal Peak Standard Al bum n Al pha- |

Al pha-2  Beta Gamma M gr a- Mean 2.11 1.69
1.55- 1.41 1.3 1.16 tion S.D. 0.0508 0. 035

0. 031 0.0302 0.024 0. 0216 Capi | - Ti me | anes (mn)

oC. V. 2.4 woousnegs 07 2.02 2.14 1.86 1 pBfyusemo2179t hr ough
Mean 18.8 51.3 5.6 7.4 7.1 9 6

Peak S.D. 0.51 0.4 01842 0.194 0.082 0. 327

Area %C. V. 2.71 0.78 4. 71 2.62 1.15 3.62

The foregoing is offered primarily for purposes of illustration. It wll be

readily apparent to those skilled in the art that the operating conditions,

mat eri al s, procedural
herein may be further

steps and ot her paraneters of the system descri bed
nodi fied or substituted in various ways w thout

departing fromthe spirit and scope of the invention.
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CLALM "1 - 1. A nethod of separating a m xture of proteins in
aliquid sanple, said 2 met hod conprising el ectrophoretically passing

sai d sanple thrgggfsecapillary filled with 3  an al kal i peresotazi’on of an
am no acid by inposing an electric fi e{zglzacross sai d separation 4 vessel .

35

% Gamma (Gel)
Fig. 8e

o

1 1 1 r T ] ]
© 1 O v O W O W ©
< ™ ™ ™ N - -

(3D) ewwen %

Printed from Mimosa 05/03/1999 10:51:58 page -27-



i g 2. A nethod in accordance with claiml _i,n which said anw
actd is'a 2 menber selected fromthe group consi st @?@ @y/c@‘re !
~al ani ne, valine, leucine, isoleucine, 3 serine, thrednine, proline,
aspartate, glutamate, arginine, threonine and glutamne. . 1 gu
3" Anethod in accordance with claim!| in which said am no-§ I's glycine.
1 4, thod | QoS RRldA046 Srotiribrédnhion 1l | N WG sai d
al kal i ne sol ution ?g’ge free of bor dtEatipe)Fura, g phosghat e ion.

1
5. A met hod INTERKATONAINARPLIGATIONFAUBLISHED UNDER THEP PERATION TREATY 6 has
a2 PH Q1) Intembiomi¥aded: Clstichtiosdaout 11 @1 International Publication Nusfber: A M2 WO 97/32204
accordance Wghin ##afm 1 in which sai flaam no acid constitutes 2 f out
10 mM to @bout 500 nM of said alkali pe ¢ Ipfefeajigre! Publiqation Date: 48”“"“'94’7%%%%

e A L

i nt er nal- SS M Cr BNSA, CH, &N, CU, CZ, DE, DK, EE, ES, FI, @8,

met hod i n| @R xsmetioxstiingPste) ¢ | 26Febryasy. 199H26ABItN safggg‘%gbwhf#,ﬁkﬁﬁ

achi eved by applying a voltage of at |east abewer. k6 RvOD S8, WosL SKeTI] TMYEE, @T, | Of
capi |l | ary| e Data: UA, UG, UZ, VN, YU, ARIPO patent (GH, KE, LS, MW,

610,105 29 February 1996 (29.02.96) /' US SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD,

RU, TJ, TM), Burcpean patent (AT, BE, CH, DE, DK, ES,

- FI, FR, GB, GR, [E, IT, LU, MC, NL, PT, SE), OAPI patent

(71) Applicant: BIO-RAD LABORATORIES, INC. (US/US]; 1000 (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD,
Alfred Nobel Drive, Hercules, CA 94547 (US). ‘/ TG).

(72) Inventors: GRUSHKA, Eli; 50 Ramat Raziel, D.N. Tzfon
Yehuda (IL). LIU, Cheng-Ming; 5855 Via Del Bisonte, | Published .
Yorba Linda, CA 92687 (US). With international search report.

Before the expiration of the time limit for amending the
(74) Agents: HEINES, M., Henry et al.; Townsend and Townsend claims and to be republished in the event of the receipt of
and Crew LL.P., 8th floor, Two Embarcadero Center, San amendments.

Francisco, CA 94111 (US).

(54) Title: PROTEIN SEPARATIONS BY CAPILLARY ELECTROPHORESIS USING AMINO ACID-CONTAINING BUFFERS
(57) Absfract

Protein mixtures are separated by capillary electrophoresis in 2 buffer containing one or more amino acids in an amount sufficient to
pmventorsubsmﬁaﬂymduceﬂwdegmeofprowinbindingwﬂ\ewallofﬂ:eqapiuuy.
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3 across said capillary. 1 9. A nethod in accordance with
claiml1 in which said capillary is a fused 2 silica capillary. 1

10. ‘A nethod in accordance with claiml in which said capillary is a fused
2 silica capillary having an inner surface of exposed silica.
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