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WILLEM SCHUURMAN (Pro Hac Vice) —

GARY EWELL (Cal. State Bar No. 104050)

VINSON & ELKINS L.L.P. F"-E D
2801 Via Fortuna, Suite 100
Austin, Texas 78746 :
Tel: (512) 542-8526 -

Fax: (512) 236-3243 JUL -6 2005

JEFFREY D. LEWIN (Cal. State Bar No. 68202
SULLIVAN HiLL LE\(VIN REZ & ENGEL ) o 7R STRICT CouaT
550 West C Street, Suite 1500 B oA
San Diego, California 92102 | ity
Tel: (619)233-4100

Fax: (619) 231-4372

Attorneys for Plaintiff
INVITROGEN CORPORATION

IN THE UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA (SAN DIEGO DIVISION)

INVITROGEN CORPORATION, Civil Action No.:
Plaintiff,
AMENDED COMPLAINT FOR
VS, PATENT INFRINGEMENT

BIO-RAD LABORATORIES, INC.,

Defendant. DEMAND FOR JURY TRIAL

Invitrogen Corporation, Plaintiff, brings this action against Bio-Rad Laboratories, Inc.

Defendant, and alleges in this Complaint as follows:
PARTIES

1. Plaintiff Invitrogen Corporation ("lnvitrogen") is a corporation organized under
the laws of Delaware having its principal place of business in Carlsbad, California.

2, Upon information and belief, Defendant Bio-Rad Laboratories, Inc. ("Bio-Rad")
is a corporation organized under the laws of Delaware. Bio-Rad's headquarters are located at
1000 Alfred Nobel Dr., Hercules, California.
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3. Upon information and belief, Bio-Rad has sales representatives assigned to
territories within the Southern District of California for purposes of selling a variety of products
to customers throughout those territories. Invitrogen is informed and believes that Bio-Rad has
sold and continues to sell a variety of products within the Southern District of California, and
that its contacts with the Southern District of California are continuous and systematic.

4, Upon information and belief, Bio-Rad has sold infringing products within the
Southemn District of California and has placed infringing products in the stream of commerce,
knowing and expecting that such products would be sold and used in this judicial district.

JURISDICTION AND VENUE

5. This is an action for patent infringement under the patent laws of the United
States, 35 U.S.C. §§ | et seq.

6. This Court has subject matter jurisdiction over this action pursuant to 28 U.S.C.
§§ 1331(a) and 1338(a). The Court has personal jurisdiction over Bio-Rad, which is domiciled
in this state.

7. Venue in this district is proper under 28 U.S.C. §§ 1391(b) and (c), and 1400(b).

FIRST CLAIM FOR RELIEF AGAINST BIO-RAD
lnfringem$nt of U.S. Patent No. 5,922,185

8. Plaintiff Invitrogen incorporates by reference and realleges the allegations of
paragraphs 1 through 7 above.

9. Invitrogen is and has been owner by means of an assignment from inventors
Timothy V. Updyke and Sheldon C. Englehom of all right, title and interest in and to U.S. Patent
No. 5,922,185, entitled "SYSTEM FOR PH-NEUTRAL STABLE ELECTROPHORESIS GEL,"
issued July 13, 1999 (the "'185 patent"). The '185 patent is attached hereto as Exhibit A.

10.  Invitrogen is informed and believes that Bio-Rad has, since issuance of the "185
patent and without authorization from Invitrogen, used, offered for sale, sold, and/or imported
into the United States, individually and/or as components of other products or systems articles
(including, but not limited to, Bio-Rad's Criterion™ XT gels and systems), embodying or
employing the inventions of claims 1 through 5 and 8 of the "185 patent. Thus Bio-Rad has

2
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knowingly committed acts of direct infringement of the ‘185 patent.

11. Invitrogen is also informed and believes that Bio-Rad has knowingly and actively
sold articles (including, but not limited to, Bio-Rad's Criterion'” XT gels and systems)
embodying or employing the inventions of claims | through 5 and 8 of the '185 patent, with
instructions for their use, intending that the purchasers of these articles use them in the manner as
instructed. Thus, Bio-Rad has knowingly induced others to commit acts of direct infringement
of the '185 patent.

12.  Invitrogen is also informed aﬁd believes that Bio-Rad has knowingly and actively
sold articles (including, but not limited to, Bio-Rad’s Criterion'™ XT gels and systems)
embodying or employing the inventions of claims 1 through 5 and 8 of the '185 patent, which
articles are not a staple article of commerce or capable of a substantial non-infringing use, but
rather have no substantial use other than to be used as intended in accordance with Bio-Rad's
instructions. Thus, Bio-Rad has knowingly contributed to others” acts of direct infringement of
the '185 patent. ‘

13.  Invitrogen has suffered damages as a result of Bio-Rad's infringement of the '185
patent and will continue to suffer damages as a result of Bio-Rad’s continued infringement of the
'185 patent.

14.  Bio-Rad's infringement has caused and will continue to cause irreparable injury to
Invitrogen for which there is no adequate remedy at law.

15. Invitrogen is informed and believes that Bio-Rad's infringement of the '185 patent
is willful and will continue until enjoined by this Court.

SECOND CLAIM FOR RELIEF AGAINST BIO-RAD

(Infringement of U.S. Patent No. 6,162,338)
16.  Invitrogen realleges and incorporates by reference the allegations of paragraphs |
through 7 above.
17. Invitrogen is and has been owner by means of an assignment from inventors

Timothy V. Updyke and Sheldon C. Englehom of all right, title and interest in and to U.S. Patent
No. 6,162,338, entitled "SYSTEM FOR PH-NEUTRAL STABLE ELECTROPHORESIS GEL,"

3
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issued December 19, 2000 (the "'338 patent™). The 338 patent is attached hereto as Exhibit B.

18.  Invitrogen is informed and believes that Bio-Rad has, since issuance of the '338
patent and without authorization from I[nvitrogen, used, offered for sale, sold, and/or imported
into the United States, individually and/or as components of other products or systems articles
(including, but not limited to, Bio-Rad's Criterion™ XT gels and systems), embodying or
employing the inventions of claims 14 and 15 of the '338 patent. Thus Bio-Rad has knowingly
committed acts of direct infringement of the '338 patent.

19.  Invitrogen is also informed and believes that Bio-Rad has knowingly and actively
sold articles (including, but not limited to, Bio-Rad's Criterion™ XT gels and systems)
embodying or employing the inventions of claims 14 and 15 of the '338 patent, with instructions
for their use, intending that the purchasers of these articles use them in the manner as instructed.
Thus, Bio-Rad has knowingly induced others to commit acts of direct infringement of the '338
patent.

20.  Invitrogen is also informed and believes that Bio-Rad has knowingly and actively
sold articles (including, but not limited to, Bio-Rad's Criterion™ XT gels and systems)
embodying or employing the inventions of claims 14 and 15 of the 338 patent, which articles are
not a staple article of commerce or capable of a substantial non-infringing use, but rather have no
substantial use other than to be used as intended in accordance with Bio-Rad's instructions.
Thus, Bio-Rad has knowingly contributed to others’ acts of direct infringement of the 338
patent,

21.  Invitrogen has suffered damages as a result of Bio-Rad's infringement of the '338
patent and will continue to suffer damages as a result of Bio-Rad’s continued infringement of the
'338 patent.

22.  Bio-Rad's infringement of the '338 patent has caused and will continue to cause
irreparable injury to Invitrogen for which there is no adequate remedy at law.

23.  Invitrogen is informed and believes that Bio-Rad's infringement of the '338 patent

is willful and will continue until enjoined by this Court.

4
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THIRD CLAIM FOR RELIEF AGAINST BIO-RAD

Infringement of U.S. Patent No. 6,783,651

24, Plaintiff Invitrogen incorporates by reference and realleges the allegations of
paragraphs | through 7 above.

25.  Invitrogen is and has been owner by means of an assignment from inventors
Timothy V. Updyke and Sheldon C. Englehomn of all right, title and interest in and to U.S. Patent
No. 6,783,651, entitled "SYSTEM FOR PH-NEUTRAL STABLE ELECTROPHORESIS GEL,"
issued August 31, 2004 (the 651 patent"). The '65] patent is attached hereto as Exhibit C.

26.  Invitrogen is informed and believes that Bio-Rad has, since issuance of the '651
patent and without authorization from Invitrogen, used, offered for sale, sold, and/or imported
into the United States, individually and/or as components of other products or systems articles
(including, but not limited to, Bio-Rad's Criterion™ XT gels and systems), embodying or
employing the inventions of claims 2, 3, 4, 12 and 14 of the '651 patent. Thus Bio-Rad has
knowingly committed acts of direct infringement of the '651 patent,

27.  Inwvitrogen is also informed and believes that Bio-Rad has knowingly and actively
sold articles (including, but not limited to, Bio-Rad's Criterion'™ XT gels and systems)
embodying or employing the inventions of claims 2, 3, 4, 12 and 14 of the '651 patent, with
instructions for their use, intending that the purchasers of these articles use them in the manner as
instructed. Thus, Bio-Rad has knowingly induced others to commit acts of direct infringement
of the '651 patent.

28.  Invitrogen is also informed and believes that Bio-Rad has knowingly and actively
sold articles (including, but not limited to, Bio-Rad’s Criterion™ XT gels and systems)
embodying or employing the inventions of claims 2, 3, 4, 12 and 14 of the '651 patent, which
articles are not a staple article of commerce or capable of a substantial non-infringing use, but
rather have no substantial use other than to be used as intended in accordance with Bio-Rad’s
instructions. Thus, Bio-Rad has knowingly contributed to others' acts of direct infringement of
the '651 patent.

29.  Invitrogen has suffered damages as a result of Bio-Rad's infringement of the '651

5
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patent and will continue to suffer damages as a result of Bio-Rad's continued infringement of the
'651 patent.

. 30.  Bio-Rad's infringement of the '651 patent has caused and will continue to cause
irreparable injury to Invitrogen for which there is no adequate remedy at law.

31.  Invitrogen is informed and believes that Bio-Rad's infringement of the '651 patent
is willful and will continue until enjoined by this Court.

PRAYER FOR RELIEF
WHEREFORE, Invitrogen prays for judgment as follows:

1. that Bio-Rad has infringed the '185, '338, and '651 patents;

2. that Bio-Rad has induced infringement of the '185, '338, and '651 patents;

3. that Bio-Rad has contributed to the infringement of the '185, '338, and '651
patents;

4. that a preliminary and permanent injunction be issued against further infringement
of the '185, '338, and '651 patents by Bio-Rad and its officers, agents, servants, employees,
attorneys, and all persons in active concert or participation with it;

5. that Bio-Rad accounts and pays actual damages (but no less than a reasonable
royalty) to Invitrogen for Bio-Rad's infringement of the '185, '338, and '651 patents;

6. that Bio-Rad pays treble damages to Invitrogen as provided by 35 U.S.C. §284;

7. that Bio-Rad pays Invitrogen's costs, expenses, and prejudgment interest as
provided for by 35 U.S.C. §284;

8. that this case is exceptional within the meaning of 35 U.S.C. §285 and awarding
Invitrogen its reasonable attorney fees; and

9. that Invitrogen be granted such other and further relief as the Court deems just

and equitable.

6
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June 7, 2005
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R%%tﬁa‘l]::ubmitted,

WIEKEM SCHUURMAN (Pro Hac Vice) -
GARY EWELL {Cal. State Bar No. 104050}
TRACEY B. DAVIES (Pro Hac Vice)
TANYA DEMENT (Pro Hac Vice)

VINSON & ELKINS L.L.P.

2801 Via Fortuna, Suite 100

Austin, Texas 78746

Tel: (512) 542-8526

Fax: (512) 236-3243

JEFFREY D. LEWIN (Cal. State Bar No. 68202)
SULLIVAN HILL LEWIN REZ & ENGEL

550 West C Street, Suite 1500

San Diego, California 92102

Tel: (619) 233-4100

Fax: (619)231-4372

Attorneys for Plaintiff
INVITROGEN CORPORATION
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DEMAND FOR JURY TRIAL

Pursuant to Federal Rule of Civil Procedure 38, Plaintiff demands a jury trial on all issues

tniable of right by a jury.
June TV 2005

584458_1.DOC

8

Respectfully submitted,

B Tt

WITLEM SCRUURMAN (Pro Hac Vice)
GARY EWELL, (Cal. State Bar No. 104050)
TRACEY B. DVIES (Pro Hac Vice)
TANYA DEMENT (Pro Huc Vice)
VINSON & ELKINS L.L.P.

2801 Via Fortuna, Suite 100

Austin, Texas 78746

Tel: (512) 542-8526

Fax: (512) 236-3243

JEFFREY D. LEWIN (Cal. State Bar No. 68202)
SULLIVAN HILL LEWIN REZ & ENGEL

550 West C Street, Suite 1500

San Diego, California 92102

Tel: (619) 233-4100

Fax: (619)231-4372
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WILLEM SCHUURMAN (Pra Hac Vice)
GARY EWELL (Cal. State Bar No. 104050)
VINSON & ELKINS L.L.P.

2801 Via Fortuna, Suite 100

Austin, Texas 78746

Tel: (512) 542-8526

Fax: (512) 236-3243

DONALD G. REZ (Cal. State Bar No. 82615)
SuLLIVAN HILL LEWIN REZ & ENGEL
550 West C Street, Suite 1500

San Diego, California 92102

Tel: (619) 233-4100

Fax: (619)231-4372

Attorneys for Plaintiff
INVITROGEN CORPORATION

DaAvID BILSKER (Bar No. 152383)
KATHARINE ALTEMUS (Bar No. 227080}
Howrey, LLP

525 Market Street, Suite 3600

San Francisco, CA 94105

Telephone: (415) 848-4900

Facsimile: (415) 848-4999

Attorneys for Defendant
B10-RAD LABORATORIES, INC.

IN THE UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA (SAN DIEGO DIVISION)

INVITROGEN CORPORATION, ; Civil Action No.: 05 CV 0720 BTM (BLM)
Plaintiff, ;
) ORDER GRANTING ENTRY OF
V8. )  PLAINTIFF INVITROGEN
)  CORPORATION'S AMENDED
BIO-RAD LABORATORIES, INC., ) COMPLAINT FOR PATENT
) INFRINGEMENT
Defendant. )
)
)

1

ORDER GRANTING ENTRY OF PLAINTIEF INVITROGEN CORPORATION'S AMENDED COMPLAINT FOR PATENT
INFRINGEMENT
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On this ___ day of , 2005, the Court finds that entry of Plaintiff’s

AMENDED COMPLAINT FOR PATENT INFRINGEMENT has been consented to by
Defendant under Fed. R. Civ. P. 15(a). It s, therefore,

ORDERED that Plaintiff's AMENDED COMPLAINT FOR PATENT INFRINGEMENT
shall be deemed filed on the date this ORDER is signed. It is further

ORDERED that Plaintiff's AMENDED COMPLAINT FOR PATENT INFRINGEMENT
shall be answered by Defendant, Bio-Rad Laboratories, Inc. within ten (10) days of the date this

ORDAER is signed.

SIGNED this day of , 2005.

Judge Presiding

2

ORDER GRANTING ENTRY OF PLAINTIFF INVITROGEN CORPORATION'S AMENDED COMPLAINT FOR PATENT
INFRINGEMENT
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SYSTEM FOR PH-NEUTRAL STABLE
ELECTROPHORESIS GEL

This application is a coatinuation in part of application
Ser. No. 08/221,939, filed Mar. 31, 1994, now U S. Pat. No.
5,578,180.

This invention relates to techniques for gel electrophore-
sis. More particularly 1his invention relates to a novel system
for gel electrophoresis st approximately oeutral pH.

BACKGROUND OF THE INVENTION

Gel clectropboresis is a comwon procedure for the sepa-
ration of biological molecules, such as deoxyribonucleic
acid {DNA), ribopusleic acid (RNA), polypeptides und
pruteiny, [n gl electruphoresis, the molecules are separated
inlo bands according to the rate at which an imposed electric
field causes them to migrate through a filtering gel.

‘Ihe basic apparatus used in this technigne consisis of a
gel encloscd in a glass inbe or sandwiched as a slab borwecn
glass or plastic platcs. ‘Ihe gol bas an opco molecular
nectwork structure, dolining porcs which arc saturatcd with
8y clectrically conductive buffered solution of & sali, These
pores through the gel arc large coough 1o admil passage of
the migrating macromolccules.

The gel is placed in a chamber in contact with buffer
solutions which make ¢lectrical contact between the gel and
the cathods or anode of an electrical power supply. A sampie
containing the macromolecules and a tracking dye is placed
on top of the gel. An electric poteatial is applicd 1o the gel
causing ibe sample macromolecules and tracking dyc 1o
migrate toward the bottom of the gel. The electrophoresis is
halted just before the tracking dye reaches the end of the gel.
The locations of the bands of scparated macromolecules are
then determined. By comparing the distance moved by

parlicular bands in comparison to the iracking dye and

macromolecules of known mobility, the mobility of other
macromolecules can be determined. The size of the macro-
molecule can then be calculated,

The rate of migraticn of macromolecules through the ge!
depends upon three principle factors: the porosity of the gel;
the size and shape of the macromolecule; and the charge
densily of the macromolecule. It is critical to an effective
electrophoresis system thal these three factors be precisely
coatrolled and reproducible from get to gel 2nd from sample
10 sample. However, maintaining uniformity between gels is
difficult because each of these factors is sensitive 1o many
variables in the chemistry of the gel system.

Polyacrylamide gels are commnniy used for electmphore-
sis. Polyserylanide gel electrophoresis or PAGE is popular
becanse the gels arc optically transparent, elecirically oeu-
tral aod can be made witl a rauge of pore sizes. The porosity
of a polyscrylawide gel is ia pan defined by the total
pereentage of serylamide munomer plus crosslinker mogo-
mer (“%T") it contains, The greater tbe concentration, the
less space there is between sirands of the polyscrylamide
matrix and hence the smalier the pores through the gel. An
8% polyacrylamide gel has larger pores than a 12% poly-
tcrylamide gel. An 8% polyscrylamide gel consequendy
permits faster migration of macromolecules with 2 given
shape, size and charge density. Whea smaller macromol-
ecules are to be separated, it is generally preferable to use a
gel with a smaller pore size such as & 20% gel. Conversely
for separation of larger macromolecules, a gel with a larger
pore size is often used, such as an 8% gel

Pore size is also dependent upon the amount of
crosslinker used to polymenize the gel. Al any given tolal
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manomer conceatratian, the minimum pore size for a poly-
acrylamide gel is obtained when the ratio of total mopomer
1o crosslicker is about 20:1, (the usual expression for this
ratio would be “5% C7).

Several factors may cause undesirable variation in the
pore size of gels. Pore size can be increased by incomplete
gcl polymcrization during manufacture. Hydrolysis of thc
polyacrylamide afier polymerization can create fixed nega-
tive charges and break down the crosslinks in the gel, which
will degrade the seperation and increase the pore size. An
ideal gel system should bave a reproducible pore size and o
fixed charge (or a1 least a coustant amount) and should be
resistant to change in chemical characteristics or the pore
size due to hydmolysis.

The size of the macromolecule varies between different
macromolecules; the smaller and more compact the macro-
molecule the easier it will be for the macromolecule to move
through the pores of a given gel. Given a constant charge
deosity, the rate of migration of 1 macromolecule is
inverscly proportional to the Jogarithm of its sizc.

For accurate and reproducible electrophoresis, a given
type of macromolecule should preferably take oo 2 single
form in the pel. One difficulty with maintaining uniformity
of the shape of proteins during gel electropboreses is thal
disulfide bonds can be formed by oxidation of pairs of
cysteine amino scids. Different oxidized forms of the protein
then have different shapes and, therefore, migrate through
the gel run with slightly different mobilities (usually faster
than a completely reduced protein, since the maximum
stokes radius and minimum mobility should occur with a
completely unfolded form). A heterogencous mixture of
forms Icads to apparcot band broadening, In order to prevent
the formation of disulfide boads, & reducing agent such as
dithiothreitol (DTT) is usually added to the samples to be

" run. The shape of DNA and RNA macromoleculcs is depen-

dent on temperature. In order to permit electrophoresis on
temperature-dependent DNA and RNA molecules in their
desired form, separations are done at a controlled tempera-
wre.

The charge density of the migrating molecule is (b third
factor affecting its rate of migration through the gel—the
higher the charge density, the more force will be imposed by
the electric field upon the macromelecule and the faster the
migration rate subject o the limits of size and shape. In
SDS-PAUE electrophoresis the charge deasity of the mac-
romokecules is controlled by adding sodium dodecy] sulfate
{SDS) to the system. SDS mokcules associate with the
macromolecuks and impart a uniform charge density lo
them substantially pegating the cffccts of any inntatc molecu-
lar charge. Unlike proteins, the native charge density of
DNA and RNA is geoerally coastaat, due to the uniform
occurrence of phosphate groups. Thus, charge deasity is not
a significant problem in electrophoresis of DNA and RNA.

SDS PAGE geks are usuaily poured and run at basic pH.
The most common PAGE buffer systierm employed for the
separation of proteins is that developed by Omstein (1) 2nd
modificd for usc with SDS by Lacmmli (2). Lacmmli, U. K.
(1970) Naiure 227, 680-686. '1he Laemmli buffer system
consists of 0.375M (tris {hydroxy mcthyl) amino-mcthaoe
(Tris), titratcd to pH 8.8, with HC), in the scparating gcl. The
stacking gel consists of 0.125M Tris, titrated 1o pll 6.8. The
anode and cathode running butfers contain 0.024M Tris,
0.192M glycine, 0.1% SDS. An altermative buffer system is
disclosed by Schacgger and von Jagow. Schaegges, H. and
von Jagow, (., Anal Binchem. 1987, 166, 368-379. The
stacking gel contains 0.75M Tris, titrated to pH 845 with
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HC). The separating gel contains 0.9M Tris, titrated to pH
8.45 with [1C]. The cathode buffer contains 0.1M Tris, 0.1M
N-tris(hydroxymcthyt}methylglycine (tricioe), 0.1% SDS.
The anode buffer contzins 0.2M Tris, titrated 1o pH 8.9 with
HCL. For botb of these systems Tris is the “common jon”
which js present in the gel and in 1he anode aod cathode
buffers.

In the Lacmimii system, the pH of the 1railing phase in the
stacking gel is aboul 8.9. In the separating gel, tbe trailing
phase pH is abow1 9.7, Al this pH, primary amiou groups of
proteins react readily with vopolywetized acrylamide, thiol
groups are more subjec! to oxidation to disulfides, or reac-
lion with unpolymerized polyacrylamide, than at neutral plj
and scrylamide itself is subject to hydrolysis.

The shape of the DNA and RNA macromolecules is also
dependent on a fourth important factos, tomperaturc. The
temperature-dependent shape of DNA and KNA s caused by
the interaction of two macromolecules conlaining comple-
menlary sequences and the inleraction of complementary
scquences in a single macromolecuie. Some techniques
reguire that the DNA reamin in its double-stranded form.
‘Typically, such sepacations are doae in (Tris borate cthylepe
diamine tetra-scetic acid) (TBE) buffer, consisting of 0.05M
Tris, 0.09M boric acid, snd 0.002M EDTA (cthylens
dismine tetra-acetic acid) on either polyacrylamide or apa-
rose gels. In general, these seperations are dome at lower
lemperatures to maintaia the doubk-siranded structure. In
the abseoce of denaterants, DNA's and RNA's structure is
fairly stable and not significanily affected by temperature.

In otber techniques, dissociation of the two DNA strands
(known s “melting™) is utilized to effect the separation.
Such methods nequire careful temperature control in order to
produce a consistent separation. One method, non-isotopic
single-strand conformational polymorphism (“Cold SSCP™),
utilizes a dissociative sample buffer with beat to melt the

strands, a TBE buffer, and 2 polyacrylamide gel. In Cold .

SSCP, temperatures of 4 t0 35° C. are used 10 allow
variable -conformation renaturation (o oecur between mutant
strands, and lemperature changes of only a few degrees can
significantly alter the number of mutaats seen. See Hongyo,
el al, Nucleic Acids Research, 21, 3637 (1993). Another
method, employed in DNA sequence analysis, lypically
ulilizes TBE buffers containing 6 10 8M ures andjor 2 to
12M formamide, eod elevaied temperamres. It is important
that the temperature remain high enough—iypically 45 to
55* C.—o maintin fullv melted DNA or RNA. Gels are
usuaily polyacrylamide and sometimes substituted acryla-
midc polymcers. For cxample, certain alkyl-substituicd poly-
urylzmide gels arc described in Shoor ct al, U.S. Pat. No.
5,055,517.

These DNA and RNA sepanation methods are character-
ized by the wse of continuuus buller systems, which use (he
same buffer species and generally, but not necessarily, in the
same concepirations in the gel, the anode chamber, and the
cathode chamber. These buffers usually are comprised of
‘Tris and boric acid with EDTA added o inhibit hydrolytic
enzyme activity. The TBE buffer system typically does not
provide good stability when used in pre-cast gels, made 2nd
stored for periods of weeks st 4° C. The polymer tends 1o
break down, generating a fixed charge which leads 1o
distortion particularty at the cathode ead of the gel where
resolution is especially imporiant. Urea also tends 10 break
down under alkaline pH at 4° C. When large concentrations
of urea are present, the jonic breakdown products can be
present at & large enough concentraticn to distupt the sepa-
ration and cause loss of resolution.

Cnher buffer sysiems for DNA and RNA scparations
employ Tris/acetate, Tris/phosphate, and Tris/glycylglycine.
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While these huffer systems may be formulated near pH 7,
the pK,, of Tris causes them to shift to an alkaline pH during
elcctroplioresis especially cear the catbode. The applicaots
have foued (hat the polyacrylamide and ueea tead to beeak
dowan during electrophoresis for DNA sequeacing due to the
high wmperatures (50° C.) employed (or several hour runs
when Tris is used s the bullering base. This breakdown
leads to higher current and lower resolution thao might be
obtained with a neuwral pH buffer system, so that the DNA
sequence read length is reduced aod read crrors are
increased.

The oeed for wniformity and prediciability is magnified in
precast electropharesis gels which are manufactured hy an
nutside vendor and then shipped 1o the lzhoratosy where the
electrophoresis will he performed. Precast gels mast control
the properties discussed above and they must be able to
maintain this control throughout shipping aod storage. The
shelf life of many precast gels is limited by 1be potential Lor
hydrolysis of acrylamide andior buffer coustitution during
storage 4l the bigh pH of the gel buler.

It is a disadvaniage of a high pH gel that the potyacry-
tamide gel is subject to degradation by hydrolysis and has a
limited shelf-life.

It is a further disadvantage of a high pH gel that prolcins
react readily with unpolymerized acrvlamide which may
interfere wilh subsequent analysis of ibe protein such as
peptide sequencing.

I is a still funther disadvantage of a bigh pH gel that thio}
groups are subject to oxidation 10 disulfides causing a
decreased resolution of separated macromolecukes.

Tt is a further disadvantage of a high pH gel that buffer
constituents such as urea break down readily.

SUMMARY OF THE INVENTION

It is an objcct of this invention to produce a ncuteal gel
system that educes protein rcaction with wnpolymerized
acrylamide thereby cnhancing yicld apd resalution,

It is a further objec of this invention 1o produce & neutral
gel system that prevents formation of disulfides from free
thiol groups thereby cahancing yicld and resolution.

11 is also an object of this invention to produce a oeuiral
gel system that reduces degradation of the polyacrylamide
gel by bydrolysis thereby increasing flie siability of 2 gel
during clecttupboresis and the useful shell-lile of a prevast
gel, and better resolution.

1t is also an object of this invention lo produce a neutral
gel system that reduces breskdown of buffer constituents,
such as urca.

In awwrdance with this invention, spplicants describe a
gel and buffer sysicm wherein separation occurs at neuital
pH and proleins remain completely reduced. Applicants also
describe 1 gel and buffer sysiem wherein storage of ke gel
and subsequem ¢lecirophoresis of macromotecules (such as
DNA, RNA, polypeplides 2nd proteins) occurs at neulral
pH. The above and other objects and advantages of the
presen! invention will be apparent upon consideration of the
following detailed description.

DETAILED DESCRIPTION OF THE
INVENTION

Applicants describe a gel and buffer system wherein
scparalion occurs at ncutral pH and proteins remain com-
pletely reduced. Advantageously, at this neutral pH, primary
amino groups of proteins react less readily with unpolymer-
ized acrylamide hecause protonation of protein amino
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gmups greatly reduces their readtivity to acrylamide or ather
related blacking agents. Furthermore, at this neutral pH,
thiol groups arc less subject o oxidation tha at bigher pH
and polyacrylamide itself is less subject 1o bydrolysis.

The resull is a gel system with improved stability of the
g¢l matrix and stock soluticns. Gels prepared according to
this sysictn can be stored under refrigemtion for over » year
without loss of performance duc o acrylamide hydrolysis.
Alsa, stock buffers withoul reducing agents and stock gel
solutions without polymerization initiator can be stored for
al least several weeks al room temperature with no loss of
performance. An additional bencfit is that a singhe gel recipe,
using the samc huffer for the stacking and scparating gels,
can he used with two different running buffers to give two
scparation systems. Using this feature, an 8% gel, for
crample, can cover a protein scparation range of 2 o 200
kDa.

lo one embodiment of this inventicn & polyacrylamide gel
of botween about 3% and about 25% (% ') scrylamide is
polymerized using trom about 1% to shout 6% crosslinker
(% C) using a gel buffer comprising a primary organic aminc
or substituted amine with a pK, ncar acutrality, titrated with
approximately half as much 11C1 {on a molar basis), so that
the pH of the buffer is 2pproximaicly seutral. In a preferred
emboditnent the gel is polymerized using from about 2% 1o
ahaut 5% crosslinker (% C) using a get buffer comprising
[his-(2-hydroxyethyl) iminotris {hydroxymethyl) methanc)
(Bis-Tris) titrated with HC1. Differen: scparation character-
istics can be obtaived by ruuning the gel with eithera
{3(N-marpholioo) propanesulfonic acid) (MOPS) or (2N-
morpholine) elbagesulfvnic acid) (MES), buller. 2 mM 16 10
mM thioglycolic acid (TGA) or 2 mM 10 10 mM sodium
bisulfite is added o the running buffer (o maiotin 4 reducing
covironmenl in the gel during elocirophoresis.

Applicanis also describe another gel and bulffcr system for
scparation of macromokcules (inchiding DNA, RNA,
polypeplides and proteins) whercin scparation occurs at
ncutral pH. This gel and buffer system may be a discontinu-
ous or continuous huffer system, but is particularly useful in
a contimuous system. A contisuous buffer system is anc
using the same buffer specics and geeerally, but oot
necessarily, in the same coocentrations i the gel, the anode
clamber and the cathode chamber. This gel and buffer
system permits higher resalution during clectrophoresis
when alkaline-labile compounds such s polyacrylamide:
and urca are present. This ge! and buffer system also permits
higher resolution when clevated temperaturcs are used.
Advantageously, at this neutral pH, urea is less subject to
bydrolysis. Furthermore, polyacrylamide itsclf is less sub-
ject to hydrolysis.

This gel acd buffer system alse possesses improved
stability of the gel matrix and slock solutions. Gels prepared
according to this system can be stored under refrigeration for
over a year without loss of performance dise to acrylamide
bydrolysis. Also, siock buffers and stock gel solutions with-
oul polymerization initiator cag be stored for a1 least severa)
weeks at room temperature with no loss of performance.

In #n embodiment of this gel and: buffer system an
clectrophoresis gel is uniformly saturstcd with a gel butfer
solution comprising & primary organic amin¢ or substitulcd
amine with a pK, near ncutradity, titrated with approximatcly
an equirnolar amount of acid or zwitlerionic compound, so
that the pH of the buffer is between about pH 6 and pH 8,
preferably hetween about pH 65 10 pH 7.5, and most
preferably 6.5 ta 7.0. The electrophoresis gel may he any
agamse or polyacrylamide gel. Preferahly, the electrophore-
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sis ge! enmprises hetween 3% and 25% (% T) acrylamide
polymerized using from about 1% to about 6% cross linker
(% ). Morc prcfcrably, this polyacrylamidc gel is polymer-
ized using from zbout 2% to about 5% crosslinker (% C).
Preferably, the amine comprises Bis-Tris or N-(2-
bydroxyethyl) morpholine, and most preferably, Bis-Tris.
Suitable acids and zwitterionic compounds are hydrochloric
acid, triciee, acetic acid, piperazine-N,N'-2-cthanesalfonic
acid, 3-(N-morpboline)-propanesulfonic acid, 2-(N-
morpholino)-ethanesulfonic acid, N-(2-acetamido)-2-
aminoethanesulfonic acid, 2-(N-morpholino)-2-
hydroxypropeoesulfonic acid, N-tris{hvdroxymethyl)-2-
ethanesulfonic acid, N-2-hydroxyethyl-piperazine-N-2-
cthancsulfonic acid, N,N-bis-(hydroxycihyi)-2-
aminocthanesulfonic acid, and 3(N-tris-(bydroxymethyl)
mcthylamine)-2-hydroxypropanesulfonic acid. Tricine,
2-{N-morpholino)-cthancsulfonic acid, and piperazine-N,
N'-2-cthanesulfonic acid are preferred for usc in the buffer
for a continuous gel and buffer system for separation of
DNA and RNA because the resulting system has separation
characteristics similar to the commonly used TBE gel sys-
tews. Triciee is most preferred for that vse. Preferably, the
gel buffer comprises Bis-Tris titrated with tricine.

In a gel and buffer system, current increases and migration
rates decline as the performance of the gels decline. The
increase in current has been atnributed (o alkaline-catalyzed
hydrolysis of urea present at 36% o 42% concentration. Any
breakdown in a neutral substance present al a large
conceniration, which produces a charged species will teod 1o
disrupl the electrophoresis. This disruption ariscs from 1he
extra current produced, which in turn increases joule heating
without aiding the separation. In addilion, a discontinuily
arises from Lhe snionic and cationic hydrolysis products
forming in the ge that are not present in the cathode and
apode buffers. Hydrolysis of gel buffer species or additives
ukes place indcpeodently from the ge) matrix composition.
‘The decrease in migratton ratc may be attrbuted o higher
tixed charge in the gol caused by alkalinc-catalyzed hydroly-
sis of the gel’s polyacrylamide. The fixcd charge kads to
significant counter-low of water, which can retard a2 mac-
romolecule’s migration rate. It bas been found that problems
of gel insuability producing Jower resolution, increased
current, decreased migration rales can be solved with gels
huffered near neutrality and with huffer substances having a
pK, pear mentrality. Such buffering systems improve the
performance of fresh or pre-cast polyacrylamide gels, and
fresh or pre-cast gels coataining alkalive-labile matersials,
such as urea or furmamide, even when the gels are made
with base-stable polymers.

The inventors also have discovered the value of using
different buffer subsiances in the cathode, pel, and anode
buffers. A group of substitutions relating to cost and through-
put have been discovered. The aniopic substance used in the
gel or the catbode buffer need not be present in the anode
buffer since the anions do oo! migrsie out of the anode
buffer. In faci, the usa of chloride or other strong acids in the
znode buffer serves to increase the conductance of the buffer,
therchy increasing the oct voltage drop across the gel and
decreasing run times. Such acids are also typically much less
cxpensive as compared to those cmployed in the cathode
buffcr. Similarly, the basc uscd 1o adjust the pH of the
cathode buffer need not be the same as that used in the gel.
Al 2 peutral pll, sodiuvm bydroxide, Tris, and other crganic
bascs with & basic pK,, have a higher conductance and oftco
lower cost than Ris-Tris or other bases with a pK, ncar
neutrality. Using sodium or Tris salts in the cathode buffer
will alsn decrease the gel run times. (ten, the anode and
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cathnde huffers are used at a higher concentration than in the
gel, further increasing their conductance and decveasing gel
run times. Thus, using different, more coaductive agode and
cathode buffer specics than in the gel buffer increases
throughput and decreases costs,

It was nlso found that I'ris or Bis-i'is may be used in the
eoodc buifcr with oo visible cffoct on the scparation quality.
Because of us higher pK,, Ttis gradually infiliratcs the
anode end of the ge! increasing that region’s coaductance,
causing the voliage drop to fall locally. Thus, the macro-
molecules near the anode slow down and the scparation
compreaxcs, whik the macromolecules pear the cathode
experience a higher voltage drep increasing their migration
and relative separation. This effect of Tris actually improves
the resnfation of mactomntecules at the cathode end of the
gel where & is wost nceded. Tris is the preferred cboice for
routine use, because il is available at sigoificantly lower cost
than Bis-Tris and vzn improve read kengihs.

‘The preferred cmbodimeet of this invention uscs ‘Tris
chloride in the anodc buffer, the sodium or Lnis salt of the
acid or zwittcriogic compound in the cathode buffer, and
Bis-Tris as the gel buffer amine. For protein and polypeptide
scparations, the mos! preferred cathode buffers are sodivm
or Tris salts of MOPS and MES, combined with a Bis-Tris
chloride et buffer, For DNA and RNA separations, the most
prefemred cathode huffers are sodium or Tris salts of tricine,
combined with a Bis-Tris tricine ENTA running huffer.
When the buffer chambers are small, the most preferred
wnolar cencestrations of the cathode and apode buffers are
five times that prescnt in the gel buffer, These buffer systems
provide (he beaefits of v neutral pH gel during both storage
and runoing, the keast cust, and the fasdest cun times,

‘lhese and other cmbodiments can be undcrstood by

refercnce to the following illustrative and compamtive |

cxamples.

EXAMPLES

Tris, Bis-Tris, MES, triciue, MOPS and piperazine-N,N'-
2ethancsulfonic acid (PLPES) were purchased from Sigma
(St. Louis, Mo.) or Rescarch Orgapics (Cleveland, Ohio).
‘Thioglyeolic acid (1'GA), dithiothreitol (II']) and bota-
mercaptocthanol (BME) were from Sigma. Al other chemi-
cals were reagent, “ulira purc” or “clectrophoresis grade”
from standard sources.

In Example 1 through 6, gels were cast in 1 mm thickness
mini-gel cassettes from Novex (San Diego Catif.) and run io
it Xcell minicell. The Bis-Tris separating gel end stacking
gels were prepared from a 30%T2.5%C acrylamide/BIS
stock solwion and a 7x Bis-Tris siock solution (2.5M
Bis-Tris, 1.5M HCl, pH 6.5). To prepare the separating gel,
the slock solutions were blended with ultra pure water o a
final conceniration 8%T, Q.357M Bis-Tris, to which was
added ¢.2 ul/ml temned. After degassing, 2.0 ul/m! of a 10%
solution of ammonium persulfate (APS} was added, the gel
was immediately poured into 1he cassetic then overlaid with
water. Polymerization wes allowed lo proceed for at least 30
minutcs 1t room temperature (1), the watcr was removed
and a 4% slacking gel applied. ‘the stacking gel was
preparcd in the same fashion as the scparating gel, cxcept
that the final concentration oblaioed was 4%T, NJNN'N'-
tewra-methylcthylene-diamine (TEMED) conceatration was
increascd to 0.4 ul/m! aod the APS solution increased to 5.0
vl/ml. MOPS runniog buffer consisted of 50 mM MOPS, 50
mM Bis-Tris (or Tris), 1.1% SDS, | mM EDTA. MES
running huffer consisted of 50 mM MES, 50 mM Bis-Tris
(oc Tris), 0.1% SDS, 1 mM EDTA. Sample buffer {2x)
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consisted of 0.25M Ris.Tris, 0,15M HCL 109 (wh)
Glycernl, 2% SNS, 1 mM ERTA, 0.03% Scrva Blue G, and
200 mM DTT. Samples containing 2 set of proteio standards
were Leated for 15 mia m 70 degrees before application.
Boviue serum albumin (BSA), chicken cgg ovalbumin,
alkylated insulin A arwl B chain, soybean Irypsin inhibitor,
and buvine erythrucyle carbonic anbydrase were included in
the standard. Sample volume was 5 ul in alt cases.

Example 1

‘The protcin standards were scparated on ao 8% Bis-Tris/
C1 gel with MOPS running buffer in the abscacs of 2
reducing agent. The resulting separation pattern was very
similar 10 that ohiained on an 8% Trisiglycine gel
(1 aemmli), with proteins 20,000 and smaller emaining in
the siack aloog with the tracking dye. The BSA band was
somewhai diffuse aod shifted toward the anode. The Oval-
bumin band was also somewhat diluse.

Example 2

The protein standards were scparated on an 8% Bis-Tris/
Cl gel with MOPS running buffer in the prescace of TGA in
the cathode buffer. Again, the separation pattern was very
similar to that obtained on an 8% Tris/glycine {Lacmmli)
gel, with proteins 20,000 and smaller remaining in the stack
along with the tracking dye. The presence of the reducing
agent, 5 mM TGA, in the cathode huffer pravided for hetter
reselution of the proteins BSA and Ovalbwonin compared to
ke gel ruu withont TGA.

Exumple 3

Thc protcin standacds were scparated on an 8% Bis-Tris/
C1 gel with MOL'S ruoning buffer in the prescoce of sodium
bisultite in the cathode buffer. Again, the separaticn patiern
was very similar to that obteincd on an 8% Tris/glycinc
(Lacmmli) get, with proteins 20,000 and smaller remaining
1o the stack along with the tracking dys. The presence of the
reducing agent, 5 mM sodium bisulfite, in the cathode buffer
provided for betler resolution of the protcins BSA and
Ovalbumin compared to the gel run without sadium
bisulfite.

Examplc 4

The protein standards were separated on ao 8% Bis-Tris/
Cl gel with MES ruaning buffer in 1be abseace of a reducing
agenl. The pmtein separation was very similar to that
obtained from an 12% Trisfricine (Schaegger) gel. All
proteins were resolved from the stack including insulin A
and B chain (3500 and 2500 daltons, respectively). When the
gel is run without TG A, soybean trypsin inhibitor had » more
promincnt doublet,

Example §

The protein standards were scparated on an 8% Bis-Tris/
Cl gel with Bis-TrisMES ruming buffer in the presence of
TGA in the cathode buffezr. Again, all proteins were resolved
from the stack including insulin A ané B chain {3500 and
2500 daltons, respectively). The presence of the reducing
agent, 5 mM TGA, in the cathode buffer provided for better
resolution of the protein soybean trypsin inhibitor. Carbonic
sohydrase ran as a tight, sharp band under all conditions
tested.

Example 6

The protein standards were separated on an 8% Ris-Tris/
(1 gel with Bis-Tris'MES running buffer in the presence of
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sodium bisulfite in the cathode huffer. Again, all proteins
were resalved from the stack including insulin A and B chain
(3500 and 2500 dslioas, respectively). The preseace of the
reducing agent, 5 mM sodinm bisulfite, in the catbode buffer
provided for better resolution of the prolcin soybean trypsin
inhibjlor, Carbonic anbydrase rao a5 o tigh!, sharp band
uader all condilivns tested.

Altbough MES and MOPS were sclected as desirable
rusning buffers for protein separation because the resulting
systcm has separation characleristics similar o the com-
monly uscd Laemmli and Schacgper gel systems, it was
found that a rnge of buffers arc suitable for usc in this
system. Among the additional buffers giving good esylts
were ([N-<(2-2cetamido)]-2-aminocthanesulfonic acid)
(ACES), (2{N-morpholinn)-2-hydroxypropanexuifonic
acid) (MOPSO), (N-Tris{bydroxymethy[)-2-ethanesulfonic
acid) (TES), (N,N-bis«{bydroxyethyl)-2-
aminoetbanesullonic acid) (BES), (N-2-bydruxyelhyl-
piperazine-N-2-cthanesulfonic acid) (HEPES), and (3N-
Tris-(hvdroxymethyl) methylamino)-2-
hydroxypropanesulfonic acid).

All the proteins that exhibil some band broadening and/or
mobility shifis when run in Ihe absence of TCA or sodium
bisulfite, bave in common a composilion that includes
multiple cystzines (BSA, for inslaoce, has 35 cysicines). On
the other hand carhonic anhydrase, which zlways muns
cleanly, has no cysicines. Moreover, if the reduced proteins
are alkylated before muoning, they run as sharp homoge-
ueous bands even io the abscnce of a reducing ageat.

Cysteine-containing proteins appear lo give generally
sharper bands in the Lacmmli system than the seutral
systcm, when both are ruo with 100 mM mercaptocthano) ot
DIT in the sample buffcr but without "I'GA in thc running
bufer. Since thiol oxidation is more favored as the pil

incroases, it would be cxpected that the higher pH of th *

Laemmli system would cause oxidation of disulfide to be at
least as pronounced as it is in the ncutral pl sysicm.
However, DTT and similar “ncutral” thiol reducing agents
are weak acids (with pK,’s around pH 8-9). Thus, at basic
pH, these reducing agents migrate intn the gel and, if present
at snfficient concentration, provide some protection against
oxidation of sulthydryls. At a nevtral separating pH, DTT
from ibe sample toffer is in an vacharged form and will
remain behind in the sample well. Thus, oo reducing agenl
migrales iol the gel.

To maintsin protcins in a reduced form during clectro-
phoresis at neutrai ptl, it was found advaotageous to usc a
reducing agent that would migrate into the gel at peutral pIl.
Sodivm bisulfite (2-10 mM) was found to maintain a
reducing cavironment in the gel during clectrophoresis.
Fully reduced TGA (or similar negatively charged thiols)
give similar results al comparable concentrations. However,
partially oxidized TGA will promete partial oxidation of
profein thiols. Because reduction (oxidation) of protein
thiols will take place via disulfide interchange, the satio of
reduced to oxidized thiols in the protein will substantially
reflect the ratio of reduced 10 oxidized thiols in the TGA.
Cooversely, sullie oxidiees 1o sullsle, which does oot par-
licipate in redox reuctivns under conditions found in the gel.
Therefore, regardless of the sulfite/sulfate ratio in a partially
oxilized preparstion of sulfite, 45 long as sufficicat sulfite
remains, proteins will be protected agaiast thiol oxidation.

It was also found that Tris could be substituted for
Ris-Tris in the rnning buffer with na visible effect an the
separation quality. Ris-Tris may be preferred where the
protein will be intentionally modified post-separation. Bis-
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Tris is a tertiary amine and will not interfere with the protein
modifying agents which react through primary amines. Tris,
however, is the preferred choice for routinc use, bocawse it
i5 available al significantly lower cost than Bis-Tris.

Example 7

A 14.7% T/5% C TBE urea gel was made in the following
manner. To prepare the separating gel solution, a 30%
scrylamide!1.6% bis-acrylamide stock soluticn (47.5 ml),
aond a Sx gel buffer stock solution containing 0.45M Tris,
0.45M boric i), ad 0.01M EDTA, pH 8.18 (20 ml) wer:
mixed with urea (36 g), TEMED (20 ul), and enough water
was added to make 100 ml. The final solution pl! was 8.87.
It was degasscd, s 10% amwmonium persulfate solution (10
% APS”) (12.8 ul) was added 1o 6.4 ml, and poured into a
I mm thick mini-ge] cassette from Novex (San Dicgo,
Calil.). A comb-forming gel solution was made similarly,
with the following differences: acrylamide/bis solution (12.7
wl), TEMED (50 ul), and pv ures; W 1.0 ml of this solution
was xdded 10% APS (0.1M1) and it was imnediately poured
on top of the separating gel solution. A 1 mm 10-well comb
(Novex) was added, and the gels were allowed to polymerize
for at least 30 minutes at room temperaturc, They were then
run after storage io sealed pouches with 1x gel buffes
containing 7M at different temperatures.

The gels were run fresh or after storage ol either 4° C. or
35° C. Samples employed were a 1Ub oligo DNA standard
(BRL, Betbesda, Md.) or an 1¥-mer custom-synthesized
DNA fragmeat (Synthcetic Genetics, San Dicgo, Calif.). Gels
were run in an X-Cell mini-cell (Novex) at 1BO volts for 80
minutcs, using 1x gel bulter in both the anode and cathode
chambers. Cinally, the bands were visualized by treating
with Stains-All solution (Sigma) for 15 minutes then
destaining in 20% metbanol for 10 minuies.

Compared 1o [resh gels, the gels stored a1 4° C. showed a
gradual loss of band sharpuess aud an increase in current
during the elecirophoresis. The loss of sharpness leads to
less resolution between bands. After 2 weeks at 4° C., 1be
band width bad doubled as compared to fresh pel bands.
When stored a1 35° C. for 1 week, the gels ran with higher
current but the dye front only migrated 80% as far in 80
minutes. The gel itself retained the stain, and the bands were
fuzzy and indistinct. Afier three weeks, oo bands could be
scen and the gels were very fragile.

Example 8

Gels were prepared, stored, and run as described in
Example 7, cxcept thal the 5x gel buffer was composed of
0.45M Bis-Tris, 0.45M tncine, and 0.01M EDTA pH 7.27,
the final gel solution pH was 7.7, and the running huffer
was 0.05M Tris, D.05M tricing, 0.001M EDTA. These gels
showed no significant change in hand sharpness, uaning
current, or migratien distances when stored for up th 3
weeks at 35° C. or for several mooths at 4° C.

Example 9

Gels were prepared, swored, aod run as described in
Example 7, excepi that the 5x gel buffer was composed of
0.125M N-«(2-hydroxycthyl) morpholine (HEM), 0.083M
acetic acid, and 0.002M EDTA pH 7.0, and the final gel
solution pH was 7.21. These gels showed no sigoificant
change in band sharpness, running current, or roigration
distances when stored for up to three weeks a1 35° C., or for
several months at 4* C. However, the gels turned yellow on
storage a1 33° C,

Example 10}

Mini-DNA sequencing gels were preparcd from the same
scparating gel solution as described in Example 7, excepl
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that ealy 23.3 ml of acrylamide/bis solution was employed,
the urea wis increased to 42 g, and the TEMED was
increased 10 50 vl. I was used without depassing by adding
10% APS (50 ul) o 10 m] of the solution, 20d pouring
between 11 ¢ wide by 22 cm long thick glass plaies with
0.25 mm spacers. The gels were allowed (o polymerize for
60 minulcs 91 room lemperalure, then rue 1he same day.

Samples cmployed were a0 M-13 DNA scqucocing reac-
tion prepared with S¥-label using a USD Scquenase kit,
version 2, (United Siates Diochemicals, Cleveland, Ohio).
They were run in a custorn-made DNA sequencing chamber
at 15 watts (circa 50° C.). Finally, the bands were visualized
hy autoradingraphy. The gels had a read length of 120 bases
with a 5% coror rate (95% accuracy).

Example 11

Gels were prepared and run as in Example 10, except that
the 5x gel buffer was composed of 0.5M Bis-Tris, 0.84M
tricine, and 0.01M EDTA pH 7.2 and the final gel solution
pH was 7.5, ‘The gels had a read length of 137 bases with
a 1.5% error rate (98.5% accuracy).

Example 12

The separating gel solution was prepared as in Example 7,
except that a SoareGel S solution (2 solution of substituted
acrylamide and substituied bis-acrylamide cross-linkers,
available from Soan¢ Biosciences Inc., Hayward, Calif) was
used for the polymer at 6%T, and the TEMED was increased
to 88 ul, After initiation of the gel solution (40 mI) with 10%
APS (200 ul), the gels were poured in plates with 0.35 mm
spacers for an ABI Model 377 DNA Sequencer (Applied
Biosystems Divisicn of Perkin Elmer Corp., Foster City,
Calif)), and sllowed to potymerize af room temperature for

2 hours. The gels were loaded with a pGEM sequencing -

reaction and run with 1x TBE buffer at 30 V/cm, generating
55° C.’l'bey had a read length of 815 bases; at 550 bases the
error rate was 1.5% (98.5% accuracy).

Example 13

Gels were prepared and run as in Example 12, except that
the 5x gel buffer was composed of 0.5M Bis-Tris, 0.84M
tricine, &nd 0.01M EDTA pH 7.2, acd the final gel solution
pH was 7.5, The gels were run with Lx gel buffer at 30 Vicm,
generating 55° C., and had a read length of 866 bases; at 550
bases the error rate was 1.1% (98.9% accuracy).

While the invention has been explained in reation (o its
prefened embodiments, i1 is 0 be updenstood that various
modifications thereof will become apparcnt to those skilled
in the un. The foreguing disclusure is nol intended or (o be
construed (o limit the prescot invention, or to otherwise
exclide any such other embodiments, adaptions, variations
and equivaleni armapgements, the presenr ipvention being
limited only by tbe claims appended hereto and tbe equiva-
lents thereof.

We claim:

1. Apparatus for use in a discontinuous bufier geb elec-
trophoresis system, the apparatus comprising;

a slab of precast electrophoresis gel adapted for insertion
in an clectrophocesis cootainer, the gel vaiformly satu-
ated with a gel bulfer comprising u primary organic
amine or substituted smine with a PKa near newtrality,
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tirated with hydrochloric acid or acetic acid, to 2 pH
between pH 5.5 and pH 7.5.

2. The apparatus of claim 1, whercin the amine is Bis(2-
hydroxyetbyl) iminotris (hydroxymethyl) methane.

3. The apparatus of claim 1, wherein the clectrophoresis
gel is a polyacrylamide gel.

4. The apparaius of claim 1, wherein the acid is bydro-
chiloric acid.

5. The apparatus of caim 4, wherein the ¢lectrophoresis
gel is a polyacrylamide gel.

6. The apparatus of claim 1, wherein 1he acid is acefic
acid.

7. The apparatws of claim 6, wherein the electrophoresis
gel is a polyacrylamide gel.

8. The apparatus of claim 1, wherein the slab or precast
gel is further adapted for fluid communication with a cath.
ode buffer.

9. The apparatus of claim 8, wherein the catbode buffer
compriscs sulfite.

10. The apparatus of claim 8, wherein the cathode buffer
comprises a thiol.

11. The apparatus of claim 8, wherein the cathode buffer
comprises thioglycolic acid.

12. Apparatus for use in a continuous buffer gel electro-
phoresis system, the agparatus comprising:

a slab of precasi electropboresis gel adapted for insention
in an clectropharesis container, the gel vnifermly satu-
rated with a gel buffer comprising a primary organic
amipe or substituted smine with a pK, pear neutrality,
titrated with a zwitterionic compound selected from the
group coosisting of N-iris(hydroxymetbyl)
methylglycine, piperazine-N, N'-2-cthancsuifonic acid,
3-{N-morpholino)-propanesulfonic acid, 2-(N-
marpholino)-cthanesulfonic acid, N-(2-acctamido)-2-
amiooethanesulfonic acid, 2-(N-morpboliao)-2-
bydroxypropanestlfonic acid, N-tris-{hydroxymethyl)-
2-cthancsvlfonic acid, N-2-hydroxyethyl-piperazine-
N-2-cthanesulfonic acid, N,N-bis-(hydroxyelhyl)-2-
amiroethanesulfonic acid, and 3-(N-tris-
(bydroxymethyl) methylamiao)-2.
bydroxypropznesulfonic acid, to 2 pH between pH 5.5
and pH 7.5.

13. The apparatus of claim 12, whercin the electrophore-

sis gel is a polyscrylamide gel.

14. The apparatus of claim 12, wherein the zwittcrionic
compound is N-tris(hydroxymethylymethylglycine.

15. The apparatus of claim 12, wherein the amine s
Bis(2-hydroxyethyl) iminotris (hydroxymethyl) methane.

16. The apparatus of claim 12, whercia the gel buffer
compriscs 2 compound sclecicd from the group consisting of
urca and formamide.

17. Thc apparatus of claim 12, whercin the slab or precast
gel is further adapted for fiuid communication with a cath-
ode buffer,

18. The apparatus of claim 17, whercin the cathode buffer
comprises Iris (hydroxy methy!) amino-methanc.

19. The apparatus of claim 12, wherein the slab or precast
gel is further adapted for Boid communication with an anode
buffer.

20. The apparatus of claim 19, wherein the anode buffer
compriscs tris (bydroxy methyl) anino-methane.
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CERTIFICATE OF CORRECTION
PATENT NO. :5,922,185 Page | of 2
DATED < July 13, 1889

INVENTOR(S) : Timothy V. Updyke, et .

itis certified that aerror appears In the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 2, line 60, delete “(” (first occurrence).
Column 3, line 23, delete “EDTA (”.

Column 3, line 24, change “acid)” to --acid (EDTA)--.
Column 5, line 27, delete ‘7",

Column 5, line 27, delete “T".

Column 3, line 30, change (3" to --3--.

Column 3, line 30, change “a¢id)” to --acid--.

Column §, line 30, change “(2” to --2--,
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diamine (TEMED)--.
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Signed and Sealed this
Twenty-third Day of November, 1999
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SYSTEM FOR PH-NEUTRAL STABLE
ELECTROPHORESIS GEL

This application is a continuation of copending applica-
tion Ser. No. 08/730,678, filed Oct. 11, 1996 now U.S. Pal.
No. 5,922,185, which is a continuation-in-part of copending
application Ser. No. (8/221,939, filed Mar. 31, 1994, now
U.S. Pat. No. 5,578,180, the disclosure of which is incor-
porated by refercnce herein in its etirety.

This inveotion relates to techniques for gel clectropbore-
sis. More particularly this invention relates lo a novel system
for gel electrophoresis at approximately neutral pH.

BACKGROUND OF THE INVENTION

Gel electrophoresis is a common procedure for the sepa-
ralivn of biolegical mulecubes, such as deoxyribonueleic
acid (DNA), ribooucleic acid (RNA), polypeptides and
proteins. [n gel electrophoresis, the molecules are separated
inio bands according to the rate at which an imposed chectric
tield causes them to migrate through a filtering gel.

‘Ibe basic apparatus used in this technique consists of a
gel enclosed in a glass tube or sandwiched as a slab between
glass or plastic plawcs. The gel has an open molecular
network structure, defining pores which are satunted with
a1 electrically conductive buffered solution of & salt. These
porcs through the gel arc large cnough to admit passage of
the migrating macromolecules.

The gel is placed in a chamber in contact with buffer
solutions which make clectrical contact between the gel and
the cathode or anode of an electrical power supply. Asample
containing the macromolecules and a tracking dye is placed
on top of the gel. An cleciric potential is applied to the gel
causing the sample macromolecules and tracking dye to
migrale foward the botiom of the gel. The clectrophoresis is

balted just before the tracking dye reaches the end of the gel. ;

The locations of the bands of separated macromolecules are
then determined. By comparing the distance moved by
particular bands in comparison lo the trackiog dyc and
macromolecules of known mobility, the mobility of otber
macrowolccules can be determioed. The size of the macro-
molecule can then be calculated.

The rate of migration of macromolecules through the gel
depends upon tbree principle factors: the porosity of the gel;
the size and shape of the macromolccule; and the charge
deasity of the macromolecule. It is critical to an effective
clecrrophoresis system that these three faciors be precisely
controlicd and reproducible from gel to get and from sample
to sample. However, maintaining uniformity between gels is
difficult because cach of tese factors is seasitive to many
variables in the chemistry of the gel system,

Polyacrylamide gels are commonly used for clectrophore-
sis. Polyscrylamide gel electrophoresis or PAGE is popular
because the gels arc optically transparent, electrically neu-
tral and can be made with a range of pore sizes. The porosity
of a polyacrylamide gel is in pan defined by the rolal
pereentage of acrylamide monomcr plus crosslinker mono-
mer ("%T") il contains. The greater the concentration, the
less space there is between strands of the polyacrylamide
matrix and hence the smaller the pores through the gel. An
8% polyacrylamide gel has larger pores than a 12% poly-
acrylamide gel. An 8% poiyacrylamide gel conscquently
permits fester migration of macromolecules with a given
shape, size and charge density. When smaller macromol-
ccules are to be separated, it is gencrally preferable to use a
gel with a smaller pore size such 35 a 2% gel. Conversely
for separation of larger macromolecules, a gel with a larger
pore size is often used, such as an 8% gel,
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Pore size is also dependent upor the amount of
crosslinker used to polymerize the gel. Al any given to1al
monomer concenlration, the minimum pore sizc for a poly-
acrylamide gel is obtained when the ratio of totzl menomer
W crosslinker is ghoul 2001, (the usual expression for this
ratio would be “15%C”).

Several factors may cause undesirable variation in the
pore size of gels. Pore size can be incressed by incomplete
gel polymerization during manufacture. Hydrolysis of the
polyacrylamide after polymerization cag create fixed nega-
tive charges and break down the crosslinks in the gel, which
will degrade the scparation and increase the pore size, An
ideal gel system should have a reproducible pore size snd no
fixed charge (or at least a constant amount) and-should be
fesistaal to change in chemical characteristics or he pore
size due o hydralysis.

The size of the macromolecule varics between different
mzcromolecules; the smaller and more compact the macro-
molecule the easier it will be for the macromolecule to move
through the pores of a given gel. Given a constant charge
density, the rate of migration of a macromolecule is
inversely propartional 1o the kogarithm of ils size,

For aceurate 10d reproducible electrophoresis, a given
type of macromokcule should preferably take on a single
form in the gel. One difficulty with maintaining uniformity
of the shape of proteins during pel electrophoresis is that
disulfide bonds can be formed by oxidation of pairs of
cysleine amino acids. Different oxidized forms of the proiein
then have different shapes and, thereflure, migra through
the gel run with slightly ditferent mobilities (usually faster
than a completely reduced protein, since the maximum
siokes rzdius apd winimum webility should occur with a
completely unfolded form). A heterogencous mixture of
forms leads 1o apparent band broadening, Ln order to prevent
the formation of disulfide bonds, a reducing agent such as
dithiothreilol (D'I']) is usually added to the samples to be
ren. The shape of DNA and RNA macromolecules is depen-
dent on temperature. In order to permit electrophoresis on
temperature-dependent DNA and RNA molecules in their
desired form, separativns are done at a controlled tempers-
Ture.

The charge deasity of the migrating molecule is the third
factor affecting its rate of migration through the gel—the
higher the charge density, the more force will be imposed by
the electric field upon the macromolecule and the faster the
migration rate subject to (he limits of size and shape. In SDS
PAGE electrophoresis, the charge desity of the macromol-
ccules is controlled by adding sodium dodecyl sulfatc (SDS)
to the system. SDS molecules associale with lhe macromol-
ccules and impart a uniform charge density o them, sub-
stantially oegating the effects of any inoate molecular
charge. Unlike proicins, the native charge deosity of DNA
aod RNA is geoenlly coostam, due 1o the uniform ocour-
rence ot phosphate groups. Thus, charge density is oot «
significant problem in electrophoresis of DNA and RNA.

SDS PAGE gels are usually poured and run at basic pH.
The most commuon PAGE buller system employed [or the
separation of proteins is that developed by Orastein {1) and
modified for use with SDS by Laemmlj (2). Laemmli, U. K.
(1970) Narure 227, 680-686. The Lacmmli buffer system
coosists of 0.375 M tris (hydroxy methyl) amino-methane
(Tris), titrated to pH 8,8. with HC), in the scparating gel The
stacking ge] consists of 0.125 M Tiis, titrated o pH 6.8, The
anode and cathode runniog buffers contain (.024 M ‘lris,
0.192 M glycine, 0.1% SDS. An alternative buffer system is
disclosed by Schacgger and von Jagow. Schacgger, H. and
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vap Jagew, 6., Anal Bicckom 1987, 165, 368-375. The
stacking pel eontains .75 M Trs, iitrared to pH 8.45 with
HUL The separating gel contains $.9 M Ttis, titeated o pH
BA4% with HOE.. The cathode husffer contains 8.1 M Tris, 0.4
M

Nt bedroaymethymethylglydine (tricing, .4% SDS,
‘The snade bulfer covtaias 0.2 M s, itrated to pH 8.9 with
HCY, For both of thess systems Tris is the “awnmon wn”
gvh&cﬁhi&mm&iamgdmdmmeunmmdumm

uifers,

It the Laembi system, the pH of the tnailing phase in e
stzrxin%lgc! is xbout 8.9, In the separating gel, the triling
phese pH s about 9.7, At this pH, pritnary amine groups of
proteins react ceadily with unpolymerized scrylamide, thind
groups are more subject to oxidation o disuifides, or eac-
tios with unpolymerized polyacrylamide, than at nsutrsl pH
opd serylsmide itself is subiget to bydrolysis.

The shepe of the BNA and RNA macromolecules i3 also
dependent o6 2 founh impors! factor, emperatare. The
temperatuse-depandent shaps of DNA snd RNA ks casised by
the fnteractiog of two mecronsoleculey containing comple-
meniary stquences snd the intersction of complementary
sequences i a sogle macromojecule. Some technicpes
requite that the UNA remeit in i3 doubls-stranded form.
Typically, such scparstions are doge in Tris bonie ethylene
thamine tefza-svetic acid {TBE) bulfes, cossisting of 0.08 M
Teis, 089 M boric acid, and G002 M etbylens diamhine
tetrhgceiic ackt (EDTA) on sitber polyscrylamide or agar-
osc gela In geoeral, e separations s doge af fowss
lemperatuces to maintain the double-stranded structure. o
the ahseaoe uf denateranis, INA" 208 BRNA's strjctute is
fairly stable sad not migaificently affceted by icmperature,

i other technigues, dissocistion of the two DNA strands
Thanwe as “niclting”) is utitived tr effect the separation.
Such methods mquir carsful temperature control in onder 1o
produce 4 consisient separation, Goe method, pos-isetopic
sipgle-strand copforuational polyaorphism (“Cold S3CP™),
wiilizes & dissociative sample buffer with beat 1o melt the
strduds, 2 TBE buffer, a6 & polyacrylamide gel In Cold
SSCY, wamperatures of 4 0 35° T, a2t used @ adlow
varizbieconformation renaturation to occur bitween mutand
sirands, and temperature changes of coly » few degrees can
significantly alier the sumber of wstants seen. See Hongyo,
&t a1, Nucleic Acids Research, 21, 3637 (1993} Anolbs
notthod, employed in IINA sequence aoslysis, typicaily
utilizes TBE bullurs eontaining 6o § M ures andjor 210 12
M formamide, aod clevated terppersores. [t is imyportant that
the waiperatiss renain bigh coough—iypically 43 to 33
C.~to mnintain fully melied DNAor RNA. Gels are ususlly
polyacrylamide snd sometimes substituted acrylamide poly-
feess. For exsmple, cortain alleyl-substitsted polyactylamide
gels are desoribed in Shoor ef a., US. Pat. No. 5,055,317,

These IINA and RNA separstice methods ate charactes
ized by the use of continuouws buffer sysicms, which use the
same buffer species and generally, hus ol woessarily, i the

tame concenurations i the gel, the anode chamber, and the 5

cathode chamber. These buffurs ususlly s comprised of
Tris 2ad boric scig with ED'TA added to inbibir Hiydrolytic
epuyme actvity. The TBE bulfer sysieen typically dows ol
proviide good stabitity whet used in pre-ces! gels, made and
stored for periods of weeks at 4* €. The polymes toods to
break down, gencrating & fixed chage which ltads 1o
distortion pasiicularly af the cothiode end of fhe gol where
resolution i especisily imporunt, Ures also teads ty break
down yodes alkaline ph af 4* £. When large concenirations
of sty afe preseqt, the ionic brexksiown products o be
present a3 8 large caovgh concentration to dismpt the sepa-
rasion and cause Joss of resolution,

19
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Oithe; buffer systems for DNA and RNA sepasations
employ Triacetase, Tris/phospbate, and Teisiplycyighycine,
While thes buffer xysiems may be farmulated near pit 7,
the PK, of Tris causes them to shift 1 an alkaline pH during

$ clediophoresis ovpacialy near the csthode. The applicans

have found that the polyscrviamide aod vred tesd to brosk
dnwm during electrophoresis for DNA sequencing due to the
bigh weinprratures (56 C.) caployed for sevend howr runs
when Tris is uted a5 the buffesing base. This breskdown
leats 1o bigher current and lower resofution thad might be
obtaiged with @ pewtral pH buffer sysiem, so that the DNA
sequesce read loogtd is reduced and read emrom are
mreased,

The peed for uniformity and prediciability i magnified in
precast electrophoresis gels which ¢ mamufactured by ap
aulside vendor 3nd thea shipped to the Iabomtory where the
chétmphiomsis will be performed. Procast gels must control
the properties discussed above and they must be bl io
reaintain this conizal throeghout shippitg and stisrage. The
shelf Life of many precast gels is Hemited by sbe potcutial for
tydrolysis of acrylamide asdfor buSer constitution during
stofage &t the high pH of the el bulfes.

it is 3 disdvantage of & high pH gel thad the polyacry-
lumide gel B subject to degradation by hydrolysis and has 3
Bimited shelf-life.

1tis & further disadvantage of & Righ pH gel that proteing
react terdily with unpalymerized serylamids which may
imerfere with subseguent analysis of the protetn such as
peptide sequeacing. .

B is 2 it Furtbeer disadvaniage of 2 high pH gol that Thinl
groups ax subjest to oxidation o disulfides causing #
decreased resolation of separaied mactvmoleruies.

It s 2 further disadvantage of a bigh pH get that bufler
ooustituents sucly as urtey break down readily.

SUMMARY OF THE INVENTION

It i 2 ohiject of this ivention 16 produce 3 aeutrzl gel
sysiem that reduces prodein resction with wnpdlymerized
acrylamide theredy eohancing yield and resolation,

14 is » fusther object of this invéntion 1o produce & neut)
gel syslem that prevents {ornation of disulfides from free
thio} groups thereby sohanclog yiek! aad resalution,

1 is alser am et of this irverdion s produce & ovuind
gel system that reduces degradation of the polyscrylamide
gel by hydrolysis thereby idorcasing the sisbility of 2 get
disring clectraphoresis ang the useful shelf-life of 8 procast
gel, and better resolution

} is als0 4n obyect of (his inventics © produce & neulral
gel system that reduces breakdown of buffer constitueats,
such 25 wrea,

I xoonrdance with this inveation, applicants desoribe o
ged and buller system wherein separsiion ooty 8t el
pH and proseins remmain conopletety reduced. Applivanis also
describe. & gel and buffer system wherein storege of the gel
and subsequent elecirophonssis of macromelesules (such
DINA, RNA, polypeptides and proteins) occiss 4t seusral
pH. The sbove apd piher objerts and advantages of ibe
presant iqvention will be apparent upot consideration of the
Following dersiled description.

DETAILED DESCRIPLION OF THE
INVENTION

Applicants describe & gol and buffer system whercin
separation oocurs af neutral pH and protwins emain wonl-
pleinly reduced. Advantageously, & this peutral pH, primary
amino groups of proteins reacl less readily with uopolymer-
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ized serylamide because protonation of protein amino
groups greatly reduces their reactivity to acrylamide or other
related Blocking sgents, Furthermore, &t this oouteat plf,
thiol groups are less subject lo oxidation than at bigher pH
and polyacrylamide isell s Jess subject (o hydrolysis.

The reselt is a gel sysiem with improved stability of the
gel matrix and stock solutions. Gels prepared accordiog to
this system can be stored under refrigeration for over a year
without loss of performance due to acrylamide hydrolysis.
Also, stock buffers without reducing agents and stock gel
solutions without polymerization initiator can be stored for
at least several weeks a1 Toom lemperature with no loss of
performance. An additional benefit is that & single gel recipe,
using the same buffer for the stacking and sepanating gels,
cao be uscd with two different muaning buffers to give two
scparstion systems. Using this feature, an 8% gel, for
example, can cover a prolein separation range of 2 to 200
kPa.

In one embodiment of this invention a polyacrylamide gel
of between sbout 3% apd about 25% (%T) scrylamide is
polymerized using from about 1% to about 6% crosslinker
(%C) using s el bufler comprising & primary urganic amine
or substitnied amine with a P, acar peutrality, ttrsted with
approximately balf as much HC1 (on 2 molar basis), so that
the pH of the buffer is xpproximately peutral. fn a preferred
embodiment the gel is polymerized using from sbout 2% to
about 3% crosslinker (%C) using a gel buffer comprising
bis-{2-hydroxyeibyl) imipotris (hydroxymethyl) methane
(Bis-Yris) titrated with HC). Differcnt separation character-

istics can be oblaiped by running the gel with either & -

3{N-morpholino) propanesulfonic acid (MOPS) or 2-(N-
tnorpholine) ethanesulfonic acid (MES), buffer. 2 mM to 10
mM thioglycolic acid (TGA) or 2 mM to 10 mM sodium
bisulfite is added to the ruaning buffer to maintain a reducing
eavironment in the gel during ¢lectophoresis.

Agpplicants also describe another gel and buffer system for
scparation of macromolecules (including DNA, RNA,
polypeptides and proteigs) whercin separation occurs at
peutral pH. This gel and buffer system may be a discontiou-
pus or contipuous buller system, but is particolarly uselu] in
a continuous Sysicm. A continuows buffer system is one
using the same buffer species and genenally, but pot
necessanly, in (he same concentrations in the gel, (e anode
charoher and the cathode chamber This gel and buffer
syslem permits higher resolution during ekctrophoresis
when alkaline-labile compounds such as polyacrylamide
and urea ase present. This gel and buffer system also permits
higher resolution when clevalzd temperatures are used.
Advaptageously, at this peutral pH, urca is less subject to
hydrolysis, Furthermore, polyaccylamide itself is less qub-
ject 10 hydrolysis,

This gel and buffer system also possesses imptoved
stability of the gel matrix and stock solutions. Gels preparcd
according 1o this system can be stored under refrigeration for
over a year without loss of performance due to acrylamide
bydrolysis. Also, stock buffers and stock gel solutions with-
oul polymerization initiator can be stored for at least several
wecks at room {emperature with no loss of performance.

In an embodiment of this gel and buffer systewm an
electrophoresis gel is uniformly saturated with a gel buffer
soluiion comprising » primary organic amine or substituted
amine with a pK, near nenwrality, titrated with approximately
at ¢quimolar amaunt of acid or zwitlerionic compound, so
that the pH of the buffer is between sbout pH 6 and pH 8,
preferably berween PH 5.5 to pH 7.5, and most preferably
6.5 tv 7.0. The ¢clectrophoresis gel may be any agarose or
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polyacrylamide pef, Preferably, the electrophoresis g¢l com-
prises between 3% aod 25% (%T) acrylamide polymerized
usiag from about 1% to shout 6% cross licker (%L). More
preferably, this polyacrylamide gel is polymerized using
from about 2% to about 5% crosstinker (% (). Preferably, the
amine comprises Bis-Tris or N-(2-hydroxyeihyl)
morpholine, a0d most preferably, Dis-Tris. Suitable acids
and zwitierionic compounds are hydrochloric acid, tricine,
acetic acid, piperazine-N,N'-2-¢thancsulfonic acid, 3{N-
morpholine)-propanesuliosic acid, 2-(N-morpholino)
ethapesvlfooic acid, N-(2-acetamido)-2-
aminccthanesgilanic acid, 2-(N-marpholing)-2-
bydroxypropanesulfonic acid, N-iris-(hydroxymethyl)-2-
cthanesulfonic acid, N-2-hydroxyethyl-piperazine-N-2-
cthapesulfonic acid, N,N-bis-(bydroxyeihyl)-2-
aminoethapestfonic acid, and 3-(N-tris-(bydroxymethyl)
methylamino)-2-bydroxypropanesulfonic acid. Tricine,
2«N-morpholinp}<cthanesutfonic acid, and piperazine-N,
N'.2-ethanesuiforic acid are preferred for use in the buffer
for s continuous gel and buffer sysiem for separation of
DNA and RNA because the resulting sysicm bas separation
characieristics similar to the commonly used TBE gel sys-
lems. Tricine is moust preferred for that use. Prelerabty, ibe
gel buffer comprises Bis-Tris titraicd with tricine.

In a gel and buffer system, current increases and migration
rales decline as the performance of the gels decline, The
increase in current has been atiributed to alkaline-catalyzed
hydralysis of urcs present at 36% lo 42% coaceatration. Any
breakdown in a neutral substance present al a large
concentration, which produces a charged specics will tend to
disrupt the electrophoresis. This disruplion arises from the
extra current produced, which in trp increases jovie heating
without aiding the scparation. In addition, » disconiinuity
arises from the apiopic and cationic hydrolysis-products
forming in the gel thal are ned present in the cathode and
anode bulfers. Hydrolysis of gel buffer species or additives
takes place independently from the gel matrix composition.
The decrease in migration raic may be atiributed to higher
fixed charge in the gel caused by alkalinecatalyzed bydroly-
sis of the gel's polyacrylamide. The fixed charge leads 1o
significant counter-flow of water, which can rctard a mac-
romolecule’s migration rate. 11 has been found that problems
of gel instability producing lower resolution, increased
cutremt, decrcased migration rates can be solved with gels
buffered ncar neudrality and with buffer substances having a
pK,, ncar peutrality. Such buffering systems improve the
petformanee of fresh or pre-cast polyscrylamide gels, and
fresh or pre-cast gels containing alkaline-labile materials,
such as uret or formamide, cven when the gels are made
with base-stable polymers.

‘Ihe inveators also bave discovered the value of using
different buffer substances in the cathode, gel, and anode
buffers. A group of substitutions relating to cost and through-
put have been discovered. The anionic substance nsed in the
gel or the cathode buffer need not be present in the anode
buffer since the anions do not migrate out of the anode
buffer. In fact, the use of chloride or other strong acids in the
amode buller serves lu increase 1he conduciance of the buffer,
thereby increasing the pet voltage drop across the gel and
decreasing run times. Such acids are also typically much less
expensive as compared to those cmployed (o the cathode
buffer. Similarly, the base used to adjust the pH of lbe
cathode buffer need pot be the same as that used in the gel.
Al a peutral pH, sodium hydroxide, Tris, and other organic
bases with a basic pK,, have a higher conductance and often
lower cost than Bis-Tris or other bases wiih a pK, near
ncutrality. Using sodium or Tris salis in the cathode buffer
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will aiso decrease the gel run times. Often, the anode and
cathode buffers are vsed at a higher concentration thaa in the
gel, further increasing their conductance and decrcasing gel
run limes. Thus, using differcat, more conductive anode 2nd
cathode buffer species than in the gel buller increass
throughput acd decrcascs costs.

1t was also found that Tris or Bis-Tris may be used in the
anode buffer with no visible effect on the separation quality.
Because of its higher pK,, Tris gradually infilirstes the
anode cod of the gel increasing that region’s conductance,
causing the voltage drop to fall locally. Thus, the macro-
moleceles near ihe anxde skow down and (he separation
compresscs, while the macromolecules near the cathode
experience a higher voltage drop increasing their migration
and relative separation. This effect of Tris sctually improves
the resolution of macromolecules ot the cathode end of the
gel where it is most needed. Tris is the preferred choice for
routine usc, because it is available at significantly lower cost
thap Bis-Tris and can improve rend lengths.

The preferred cmbodiment of this invention uscs Tris
chloride in the anode buffer, the sodium or Teis salt of the
acid or wwitlerionic compound in the cathode buller, and
Bis-Tris as the gel buffer amine. For protein 2nd polypeptide
separations, the most preferred cathode buffers are sodium

ot Tris salts of MOPS and MES, combincd with a Bis-Tris 2

chloride gel buffer. For DNA and RNA separations, the most
preferred catbode buffers are sodium or Tris salts of tricine,
combined with a Bis-Tris tricine EDTA running buffer.
When the buffer chambers are small, the most preferred

molar concentrations of the cathode and anode buffers are -

five times that present in the gel buffer. Thesc buffer sysicms
provide the bencfits of a nentral pH gel during both storage
andd running, the least cost, and the fastest run times.

These and other embodiments canr be undersiood by
reference (o the following illustrative and comparative
examples.

EXAMPLES

Tris, Ris-Tris, MES, tricine, MOPS and Piperazipe-NN'-
2-cthapesulfonic acid (PIPES) were purchased from Sigma
(St. Louis, Mo.) or Rescarch Organics (Cleveland, Ohio).
Thivglywlic acid (TGA), dithiothseitd (DTT) and hela-
mercaptoethanol (BME) were from Sigma. All other chem:-
cals were reagent, “ullra pure” or “clectrophoresis grade”
from slandard sources,

1o Example 1 through 6, gels were cast in 1 mm thickoess
mini-gel casseltes from NOVEX (San Diego Calif.) and run
in an X-Cell minicell. The Bis-Teis separating gel and
stacking gels were prepared from a 30%T/2.5%C
acrylamide/BIS stock solwtion and a 7X Bis-Tris stock
solution (2.5 M Bis-Tris, 1.5 M HCI, pH 6.5}. To prepare the
scparating gel, the stock solutions were blended with ultra
pure water 1o & final concentsation 8%T, 0.357 M Bis-Tns,
to which was added 0.2 ul/m! N,N.N'N-tetre-methyl-
cthylcnc-disminc (TEMED). Aftcr degassing, 2.0 ul/ml of a
10% solution of ammonium persulfate (APS) was added, the
gel was immedialely poured into the casselle then overlaid
with walcr, Polymerization was alkwed to proceed for at
least 30 minutes at om temperature (RT), the water was
removed and a 4% stacking gel applied. The stacking gel
was prepared in the same fashion as the separatiog gel,
except that the final conceptration obtained was 4%T, the
TEMED cenceatration was increased 1o 0.4 ul/ml and the
APS solution increzsed to 5.0 ul/ml. MOPS running buffer
consisted of S0 mM MOPS, 50 oM Bis-Tris (of Tris), 0.1%
SDS, 1 mM EDTA. MES running buffer consisted of 50 mM
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MES, 50 mM Bis-Tris (or Tris), 0.1% SDS, 1 mM EDTA.
Sample buffer (2X) comisted of 0.25 M Bis-Tris, 0.15 M
1ICI, 10% (w/¥) Glycerol, 2% SDS, 1 mM CDTA, 0.03%
Serva Blue G, and 200 mM DTT, Samples containing 2 set
of protein standands were beated for 15 min al 70 degrees
before application. Bovine serum albumin {BSA), chicken
egp ovalbumin, alkylated insulin A and B chain, soybean
uypsic jnhibitor, and bovine erythrocyte carbonic anhydrase
were included in the standard. Sumple volume was 5 ul in all
cases.

Example !

The protein standards were separated oo an 8% Bis-Tris/
Cl gel with MOPS ronning buffer in the absence of a
reducing agent. The resulting sepanation paticrn was very
similar to that obtained on ao 8% Tris/glycine gel
(Lzemmli), with proteins 20,000 and smaller remaining in
the stack along with the tracking dyc. The BSA baod was
somewhat ditfuse and shifted towerd the acode, The Oval-
bumin band was also somewhat diffuse.

Example 2

The protein standards were separated oo an 8% Bis-Tris/
Cl gel with MOPS rugning buffer in the preseoce of TGA in
the cathode buffer. Again, the separation patern was very
similar to that obtaincd oo an 8% Tris/glycine (Lacmmli)
gel, with proteins 20,000 and smaller remaining in the stack
along with the tracking dye. The presence ol the reducing
agent, 5 mM TGA, in the cathode buffer provided for better
resolution of the protcins BSA and Ovalbumin compared to
the gel run without TGA.

Example 3

The protein slandards were separated on an 8% Bis-Tris/
Cl gel with MOPS running buffer in the presence of sodium
bisulfitc in the catbode buffer. Again, the scparation patten
was very similar to that obtaincd on an 8% Tris/glycioe
(1 acmli) gel, with proteins 20,000 aod smaller remaining
1n the stack along with the tracking dyc. The presence of the
reducing agent, 5 mM sodium bisulfite, in the catbode buffer
provided for better resolution of the proleins BSA and
Ovalbumin compared to the pgel run without sodium
bisulfite.

Example 4

The protein siandards were separated on an 8% Dis-Tris/
Cl gel with MES running buffer in the sbsence of a reducing
agenl. The prulein separation was very similar 4 Lhat
obtsioed fom an 12% Trisfricine (Schaegger) gel All
proteins were resolved from the stack including insulin A
and B chain (3500 and 2500 daltons, respectively). When the
gelis run without TGA, soybean trypsin inhibitor had & more
prominent doublel.

Example §

The protein standards were separated on an 8% DBis-Tris/
Cl gel with Bis-Tris'MES ruuning buffer in tbe preseoce of
TGA in (he cathode buller. Again, 21) proteims were resolved
from the slsck including insulin A and B chain (3500 and
2500 daltons, respectively). The prescace of the reducing
ageot, 5 mM TGA, in the cathode buffer provided for betier
resolution of the protein soybean trypsio inhibitor. Carbonic
anhydrase ran as a tight, sharp band under ali conditious
tested.

Exampk 6

The protein standards were separated on an 8% Bis-Tris/
Cl gel with Bis-Tris/MES running buffer in the presence of
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sodium bisulfite in the cathode buffes. Again, Al profeins madilying agenis which seact through primary amines. Tris,
were resolved from the stack including insulin A and B chain however, is the prefored choice for routine use, because it
(3500 and 2500 daltons, respectively), Tbe prescoce of the s svailable at significanily Jower cast thap Bis-{ris.
reduciog agent, 5 mM sodium biszlfe, in (he cathode buffes Exampie 7

provided for heiter reslugion of the protgin soyhean trypuin 3

inibitor. Casbonic snhydrasc ral 2s a tight, sharp band
under all conditicns tested.

Although MES and MOPS were selected as desirable
ruaning buffets for protein Separation because the resuiting
sysiem bas separation chacacteristics similar to the com-
monly used Lacmmli and Scheegger geb systems, it wias
fuunl thal a range of hulfers are suitehle for use in this
system. Amoog the additional buffers giviog good results
were [N-(1-acenmido)]-z-nmiuoelhmesntfonic acid
{ACES), 2-[Nmorpholinn]-2-hydmxypmpamsmfonic acid
{MQPSO). N-Tris-(hydmxymethyl)-Z-ethanosulfonic acid
(TES). Nﬁ—bis-(hydmxyelhyl)-l-mimcxhamsulfonic acid
{BES), N-Z-bydmxycthyl-pipcrm'ne-N-Z&thaucsulfonic
acid (HEPES), and 3-(N-'l'ris-(hydroxymclhyl)
mclbylamino)-Z-hydmxypmptmsulfonic acid (TAPSO).

All the proteins ihat sxhibit soce band
mobility shifts when g in the ahsence of TGA ™ sodim
bisufite, have in common & composition that includes
muliple cysleines {BSA, for instance,
the other mand carbogic anhydrase, which always oS
cleanty, bas cysteines. Moreovel, if the reduced proteins
are alkylaied before rupning, they rua as sharp bomoge-
acaus bands even in the abseooe of 2 reducing ageat.

(‘.yslcinu-amuining proteins appesr @ give generally

sharper bands in the Leemmli sysiem than the peutral
system, wheat both are run with 100 mM mcrcaptocthanol or
DTT ia the sample pufier but without TGA io the nuooing
buller, Since thiol oxidation is more fovored bs the pH
increases, it would be ex 4 that the higher pH of the
Lacaimli system would cause oxidation of disulfide to be 2
least 35 pronounced as it is in the neutral pH system.
However, DTT and similar upeuiral” thiol reducing agents
arc weak acids (with pE.'s around pil 8-9). Thus, at basic
pH, these reducing agents migrate mtd the gel and, if present
al sulficient cuncentsation, provide some proeetion against
oxidstion of sulfhydryls. AL 2 neutral scparating pH, DTT
from the sample buffer i in sn uacharged form and will
remain hehind in the sample well, Thus, m reducing agent
migrates inie the gel

To maintaip proteins in 3 reduced form during electro-
phoresis at neutrzl pH, it was found advantageous 1o USe 3
reducing ageot that would migrate iato the gel at peuiral pHl.
Sodium bisuifite {2-10 mM) was found 1o maintain &
reducing covizonment i0 the gel during clectrophoresis.
Fully ccduced TOA (or imilas negatively charged thiols)
give similat results 1t comparable concenirations, Howevet,
partially oxidized TGA will promote partial oxidation of
protein thiols. Becaust reduction {oxidation) of protein
thiols will take place via disulfide interchange,
reduced 1o oxidized thiols i the protein Wi substaatially
refiect the ratio of reduced o oxidized thials in the TGA.
Cooversely, sulfite oxidizes 0 gulfgte, which does not par-
ticipate in redox reactioas under copditions found in the gel.
Therefore, regardless of the sulfite/sulfaie ratioin & partially
oxidized preparation of sulfite, a5 long as sufficieal sulfite
cemains, proteins will be protected against thio} oxjdation.

It was also fouad that Tris could be substitused for
PBis-Tris in the runcing buffer with no visible sffect oa the
separatiop quality. Bis-Iris may be profecred where the
protein will be intentiopally modified post-sepantion. Bis-
Tris is a lertiary amive and will ot interfere wiih the pratein
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A 147%T5%C TBE wea gel was made in ihe following
maaner. To prepare the separating ge! salutioa, 2
acrylamidel 1.6% bis-acrylamide stock sotution (47.5 ml),
and 2 5X gel buffer stock solution coniaining 0.45 M Tris,
0.45 M boric avid, 1o 001 M EDTA, pH £.18 (20 ml) were
mined with urca (36 g TEMED (20 ul), 2ad cnough waicr
was added 1o make 100 ml. The final solution pH was 8.87.
It was degassed, @ 10% ammoniun persuifate salution
{“10% APS”) (12.8 ul) was added 1o 6.4 ml, eod poured inte
2 | mm thick mini-gel cassetis from NOVEX (San Diego,
Calif). A comb-forming gel solution was made similady,
with the Tollowing differcaces: acrylamide/tis solution (12.7
wl), TEMED (50 uf), and BD VICH; 1O 1.0 el of this solution
was added 10% APS (0.1 M) and it was immediately posred
sepantiog g¢l solution. A 1 mm 10-well comb
(NOVEX) was added, and the gels wese allowed to poly-
merize for at Jeast 30 mioutes 3t room temperatare. They
were then run afier Siorage in sealed pouches with 1 X gel
huffer vintaining 7 M ad dilTerem femperalares.

The gels were fresh or aftcr storage & either 4° C. or
15° C. Samples employed were 8 10b Oligo DNA siendard
(BRL, Bethesda, Md) or a0 18-mer custonsynthesized
DNA fiagment (Syatbetic Genetics, San Dicgo, Cilif. ).
Geis were run in an X-Cell mini-cell (NOVEX) 21 180 volts
for 80 minutes, vsing 1X get buffer in botb the anode 20d
cathode chambers. Figally, the bands were visualized by
\reating with Stains-All sotution (Sigms) for 15 minutes then
destaining in 20% methenal for 10 miowies.

Compared to fresh gels, e gels stored at 4 C.showed 2
gradual Joss of baod sharpness and an incresse in cumeol
during \he clectrophoresis. The 1oss of sharpness leads 10
less resolution between bands. Aficr 2 weeks at 4° C, the
band widih bad doubled as compared 10 fresh gel bands.
When siored 1t 35° C. for 1 week, the gels can with highet
current but the dye front oply migrated §0% as far in 80
minutes. The get itself retained the stain, and ibt bands wore
fuzzy and indistinet. After (hree weeks, po beads could be
scon and the gels were very fragile.

Example 8

Gels were preparedl, stored, and run as described i
Example 7, except at the 5X gel buffer wes composed of
0.45 M Bis-Tris, (.45 M wricine, and 001 M EDTApH 1.2,
e final gel solution pH was 770, 20d the renniog buffec
was D05 M tiis, 0.5 M (ricine, U001 M LOVA. These gels
showed po significant change iz band shacpaess, moning
current, or ooigration distances when stored for up 0 3
weeks a1 35° C. or for several moaths at 4° €.

Exampie 9

Gels were proparcds storcd, and en A described in
Examgple 7, exoept tat the 5X gel bulfer was composed of
0125 M N-(Z-hydmiyﬂhyl) marphuline {HEM), QORI M
scclic acid, and 0.002 M EDTA pH 7.0, and the fipal gel
sohmion pH was 721. These gels showed ao significant
chacge i bamd sharpatss, ruagiog curcenl, of MigEtion
distances when stored forup (0 ihree weeks at 35° C. or for
ceveral smonths at 4* C. Howevel, the gels tuened yellow oo

storage 0 353° €.
Examplc 10

Mini-DNA sequescing gels were prepused from the same
separating gt solution as described in Example 7, except
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that only 23.3 ml of acrylamide/bis solution was employed,
(he urea was incressed to 42 g, and the TEMED was
increased 1o 50 ul. It was used without degassing by adding
10% APS (50 ul) to 10 ml of the soltion, and pouring
hetween 11 cm wide by 22 em Jong thick glass plates with
0.25 mm spacers. The pels were stlowed to polymerize for
60 minutes al room temperature, then run the same day.

Samples employed were an M-13 DNA sequencing reac-
tion prepared with §*-label using a USB Sequenase ki1,
version 2 (United States Diochemicals, Cleveland, Ohio).
They were run in a custom-made DNA sequencing chamber
al 15 walls (hout 50° C.). Finglly, the bands were visualized
by autoradiography. The gels had a read kengih of 120 bascs
with 2 5% error rate (95% accuracy).

Example 11

Gels were prepared and run as in Example 10, except that
the 5x gel buffer was composed of 0.5 M Bis-Tris, 0.84 M
tricinc, and 0.01 M EDTA pH 7.2 aad the final gel solution
pH was 7.50. The gets bad a read length of 137 bases with
1 1.5% wrror rale (98.5% accuracy).

Example 12

The separating gel solution was prepared as in Example 7,
except that a SoaneGel SQ solution {a solution of substituted
acrylamide and substituted bis-acrylamide cross-linkers,
available [rom Soane Biosciences Inc., Heyward, Calif) wis
uscd for the polymer at 6%T, and the TEMED was increascd
to 88 ul, After initiation of the gel solution (40 ml) with 10%
APS (200 ul}, the gels were poured in plates with 0.35 oun
spacers for an ABI Mode! 377 DNA Sequencer (Applied
Biosystems Division of Perkin Elmer Corp., Faster City,
Calif.), and allowed to polymerize at room ternperature for
2 howrs. The gels were loaded with 3 pGEM sequencing
reaction and rup with 1X TBE buffer at 30 V/em, generating
55° C. They had & read length of 815 bascs; at 550 bases the
encr rate was 1.5% (98.5% accuracy).

Example 13

Gels were prepared and run as in Example 12, except that
the 5X gel buffer was composed of 0.5 M Bis-Tris, (184 M
tricine, and 0.01 M CDTA pll 7.2, and the fina! gzl solution

5
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pH was 7.5. The pels were run with 1X gel buffer a1 30 o

Vicm, gencrating 55° C., and had a read length of B66 bases;
al 550 bases the error rale was 1.1% (98.9% accuracy).
Alibough the invention has been explained in relation to
its preferred embodiments, it is to be understood that varovs
modifications thereof will become apparent to those skilled
in the art. The foregoing disclosure 15 not intended or to be
construed to limit the present invention, or 0 otherwise
exclude any such other embodiments, adaplions, variations
aod cquivalcnl amangemeats, the prescnt invention being
limited only by the claims appended hereto and the equiva-
lents thercof.
We claim:
1. A discontinuous buffer ge! electrophoresis system com-
prising:
an electrophoresis gel suitable for casting, the clectro-
phoresis gel comprising a separating gel saturated with
1 pel buffer comprising a0 organic amine with a pK,
near neutrality and an acid, the gel buffer having 2 pH
between 5.5 and 7.5; and

55

60
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2. The system of claim 1, whercin the organic amine is
Bis{2-hydroxyethyl) iminotris (hydroxymethyl) methane.
3. The sysiom of claim 1, wherein the elecirophoresis gel
is a polyacrylamide gei. .
4. The syslem of claim 1, wherein the acid is selecied from
1he group consisting of bydrochloric acid and acetic acid.
5. The system of claim 1, wherein the antioxidant com-
prises suffite,
6. The system of claim 1, wherein the antioxidant com-
prises bisulfite,
7. The system of claim 1, wherein the enlioxidant com-
pnises a thiol.
8. The system of claim 1, wherein the antioxidant com-
priscs thioglycolic acid.
9. The system of claim 1, wherein the gel buffer further
comprises a dodecyl-sulfate salt.
10. The systcm of claim 9, wherein the dodecyl-sulfatc
salt is sodium dodecy! suifate.
1E. The system of claim 1, wherein the cathade bufler
further comprises 3-(N-morpholino) propancsulfonic acid.
12. The system of claim 1, wherein the cathode buffer
furtber comprises 2-(N-morphotino) cthanesulfonic acid.
13. A discontinvous buffer gel electrophoresis sysiem
comprising:
an tlectrophoresis gel suitable for casting, the electro-
phoresis gel comprising a separating gel saturated with
a gel buffer comprisiog ap organic arnine with a pK,
mear peutrality and an acid, the gel bufler having a pH
between 5.5 and 7.5; and
a cathode buffer comprising an antioxidant that migrates
into he electrophoresis gel by electrophortsis and that
has a concentration sufficient to maintaip proteins in a
reduced state.
14. A discontiouous buffer gel ¢lectrophoresis system
comprising:
an electrophoresis gel suilsble for casting, the clectro-
phoresis gel comprising a separaling gel saturated with
a gel buffer comprising 2o organic amine with a pK,
ncac neuteality and an acid, the gel buffer baving a pH
between 5.5 and 7.5; and
a cathode buffer comprising 3-(N-morpholino} propane-
sulfonic acid.
15. A discontinuous bulfer gel ¢lectrophoresis system
comprising;
an clectrophoresis gel suitable for casting, the electro-
phoresis gel comprising a s¢parating gel saturated with
a gel buffer comprising an organic amine with a pk,,
near neutrality and an acid, the gel buffer having a pH
between 5.5 and 7.5; and
a cathode buffer comprising 2-(N-morpholino) cibane-
sulfonic acid.
16. A methud for performing cleclrophoresis using a
discontinuous buffer gel, the method comprising:
providing an electrophoresis gel suitable for casting, the
electrophoresis gel comprising a separating gel;
saturating the separating gel with a gel buffer comprising
an organic aminc with 8 pK, ocar ncutrality and an
acid, the ge! buffer having 2 pH between 5.5 aad 7.5;
and
providing a cathode buffer comprising an antioxidant that
is anionic af neutral pH iz a concentration sufficient to
maintain proteins in a reduced state.
17. The method of claim 16, wherein the organic amine 15

a cathode buffer comprising an antioxidapt that is aniopic 65 His{2-hydroxyethyl) iminotris (hydroxymethyl) methaoe.

at neutral pH in a concentration sufficicnt to maintain
proteins in a reduced state.

18. The method of claim 16, wherein the electropboresis
gel is a polyacrylamide gel.
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19. The metbod of claim 16, wherein the acid is selected saturating the separating get with a gel buffer comprisiog
frqm the group consisting of hydrochloric acid and acetic an organic amine with a pK, near ceutrality and an
acid. . . acid, the gel bulfer having a pH between 5.5 and 7.5;

20. The method of claim 16, wherein the gel buffer further and
comprises ¥ dodecyl-sulfate salL 5

21. The method of claim 20, whercin 1he dodecyl-sulfate providing a cathode buffer comprising an antioxidant that
salt is sodium dodecyl sulfate. migrales inlo the gel by electrophuresis aod that bas 4

22. A method for performing clectrophoress using 2 concentration sufficient 10 maiptain prokins in a
discontiouous bufler gel, the method comprising: reduced state.

providing an electropboresis gel suitable for casting, the 10
electrophoresis gel comprising a separating gel; L
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SYSTEM FOR PH-NEUTRAL STARLE
ELECTROPHORESIS GEL

This application is a continuation of application Ser. No.
09/228 875, filed Jan. 11, 1999, now U.S. Pat. No. 6,162,
338, which is 2 continvation of application Ser. No. 08/730,
78, filed Oci. 11, 1996, now U).S. Pat. No. 5,922,185, which
is a continuation-in-part of epplication Ser. No. 08/221,939,
filed Mar. 31, 1994, now U.S, Pat. No. 5,578,180,

BACKGROUND OF THE INVENTION

Gel elecirophoresis is a common procedure for the sepa-
ration of biological molecules, such as deoxyribonucleic
acid (DNA), cibonucleic acid (RNA), polypeptides and
proteis. In ge! electrophocesis, the molecules are separated
into bands according ta the rate at which an imposed electric
field causes them to migrate through a filtering gel.

The basic apparatus used in this technique consists of
gel eoclosed in a glass tube or sandwiched as a stab between
glass or plastic plates. The gel bas an open molecular
betwork structure, defining pores which are saturated with
1 electrically conductive bulfered solution of a salt. These
pores through (he gel are large enough to admit passage of
the migrating macromnlecules.

The gel is placed in a chamber in contact with buffer
solutions which make elecirical contact between the gel and
1he cathode or anode of an electrical power supply. Asample
containing the macromolecules and 2 tracking dye is placed
cn top of the gel. An electric poleatial is applied to the gel
causing the sample macromolecules and tracking dye to
migrale ioward the bottom of the gel, The electrupbotesis is
halted just before (he tracking dye reaches the end of the gel.
The locations of the bands of scparated macromolecules are
then defermincd. By comparing the distance moved by
particulsr bands in comparison to the tracking dye and
macromelecules of known mability, the mobility of other
macromolecules can be determined. The size of ibe macro-
molecule can (hen be calculated.

The rate of migration of macromolecules through the gel
depends upon three principle factors: the porosity of the gel;
the size and shape of the macromolecule; and the charge
density of the macromolecuie. It is critical to an effective
electrophoresis system that these three factors be precisely
controlled and reproducible from gel to gel and from sample
in sample. Hawever, maintaining oniformity between pels is
difficult because each of these factors is sensitive to many
varizbles in the chemistry of the gel system.

Polyacrylamide gels are commorly used for electrophore-
sis. Polyacrylamide gel electrophoresis or PAGE is popular
because the gels are optically ransparent, electrically neu-
tral and can be made with a range of pore sizes. The porosity
ol a polyacrylamide gel is in pant defined by the lotal
percentage of acrylamide monomer plus crosslinker mooo-
mer (“% T} it contains. The greater the concentration, the
less space there is between strands of the polyscrylamidc
matrix and hence the smaller the pores through the gel. An
8% polyacrylamide gel has Jarger pores than a 12% poly-
acrylamide gel. An 8% polyserylamide gel consequently
permils faster migration of macromolecules with a given
shape, siz¢ and charge density. Wheo smaller macromol-
ecules are to be scparated, it is generally preferable lo use a
gel with a smaller pore size such as 8 209 gel. Conversely
for sepanution of larger macromolecules, a gel with a larger
pore size is often used, such as an 8% gel.

Pore size is also dependent vpon the amount of
cmsslinker used to polymerize the gel. Al any given Intal
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monomer conceniration, the minimum pore size for a poly-
acrylamide gel is obtained when the ratio of total monomer
lo crosslinker is about 20:1, (the usual expression for this
fatio would be “5% C).

Several factors may cause undesirable variastion in the
pore size of gels. Pore size can be increased by incomplete
gel polymerization during manufacture. Hydrolysis of the
polyacrylamide after polymerization can create fixed nega-
tive charges and break dowa the crosslinks in the gel, which
will degrade the scparation and increase the pore size. An
ideal gel system should have a reproducible pore size and no
fixcd charge (or ot lcast a constant amount) and should be
resistant fo change in chemical characteristics or the pore
size due to hydrolysis.

The size of tbe macromolecule varies between differcnt
macromolecules; the smaller and more compact the macro-
molccuic the casier it wilt be for the macromolecule 1o move
through the pores of a given gel. Given A constant charge
density, the rate of migration of a macromolecule is
inversely proportional to the loganithm of its size.

For accurate and reprodhucible elecirophoresis, a given
type of macromolecule should preferably take oo & single
form in the gel. Ooe difficulty with maintaining uniformity
of the shape of proteins during gel clectrophoresis is thal
disulfide bonds can be formed by oxidation of pairs of
cysteine amino acids. Different oxidized forms of the protein
then have differeal shapes and, therefore, migrate through
the gel run with slightly different mobilities (usuaily faster
than a completely reduced prolein, since the maximum
stokes radius and minimum mobility should occur with &
compleicly unfolded form). A heterogeneous mixtore of
forms leads to apparent band broadening. Int order o prevent
the formation of disulfide boods, a reduciog ageat such as
dithicthreitol (DTT) is usually added to the samples to be
run, The shape of DNA and RNA macromolecules is depen-
deat on temperature. In ocder 1o permit electrophoresis on
temperature-dependent DNA and RNA molecules in their
desired form, scparations are dooe a1 a controlled tempera-
ture,

The charge density of the migrating molecule is the third
factor affecting its rate of migration through the gei—the
higher the charge density, the more force will be imposed by
the electric ficld upon the macromolecule and the faster the
migration rate subject to the limits of size and shape. In SDS
PAGE celectrophoresis, the charge density of the macromol-
ecules is cootrolled by adding sodium dodecyl sulfate (SDS)
fo the system. SDS molecules associate with the macromol-
ecules and impan a upiform charge density to hem, sub-
stanti2lly pegaling the cffects of aoy innate molecular
charge. Unlike proteins, the native charge density of DNA
am RNA is geoerally constunt, due to the uniform oceur-
reace of phosphate groups. Thus, charge density is not 2
significant problem in clectrophoresis of DNA and RNA.

SDS PAGE gels are usually poured and run t basic pH.
The most common PAGE buffer sysiem employed for the
separstivo of moleios is hal developed by Orostein (1) apd
modified for use with SDS by Lacmmli (2). Lacmmli, UK.
(1970) Nature 227, 680-686. The Laemmli buffer system
coosists of 0.375 M tris (hydrexy mctbyl) amino-mcthanc
(Tris), titrated to pH 8.8 with HCY, in the separating gel. The
stacking gel consisis of 0.125 M Tris, titrated to pH 6.8. The
apode and catbode runming buffers coatain 0.024 M Tris,
0.192 M glycine, 0.1% SDS. An aliernative buffer system is
disclosed by Schaegger and von Jagow. Schaegger, H. and
von Jagow, G., Anal. Biochem. 1987, 166, 368-379. The
stacking gel contains (.75 M Tris, titrated to pH 8.4% with
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HCL. The separating gel contaips 0.9 M Tris, titrated 1o pH
8.45 with HCL. The cathode buffer coplains 0.1 M Tris, 0.1
M N-tris(hydroxymethyl)metbylglycioe {tricine), 0.1%
SDS, The anode buffer contains 0.2 M Tris, titrated to pH 8.9
with HCL. For both of these systems Tris is the “common
ion” which is present in the gel and in the anode and cathode
buffers.

Io the Lacromli system, the pH of the trailing phasc in the
stacking gel is xbout 8.9, In the scparating gel, the trailing
phase pH is about 9.7. At this pH, primary amino groups of
proleins react readily with unpolymerized acrylamide, thiol
groups are more subject to oxidation fo disulfides, or reac-
tion with unpolymerized polyscrylamide, thap at neutral pH
and acrylamide itself is subject to hydrolyss.

The shape of the DNA and RNA macromolecules s also
dependent ou 3 fourth important factor, temperature. The
lempensture-dependent shape of DNA and RNA is caused by
the interaction of two macromolecules conlaining comple-
menlary sequeaces and the interaction of complementary
sequences in a single macromolecule. Some techniques
require that the DNA remain in ils double-stranded form.
Typically, such s¢parations are done in Tris borate ethylenc
diamine (etra-acetic ucid (TBE} buller, consisting of 0.09 M
Tris, 0.05 M boric acid, and 0.002 M ethylene diamine
tetra-acetic acid (EDTA) on citber polvacrylamide or agar-
osc gels. 1o general, these scparations arc donc at lower
lemperanures 1o maintaia the double-swanded structure. 1o
the absence of denaturants, DNA’s and RNA’s structure is
fairly stable and not significantly affected by temperature.

In other techniques, dissocistion of the two DNA strands
(known as “meliing”) is utilized to effect the separation,
Such melhods require careful temperature control in order to
produce a consistent separation. One method, noo-isotopic
siogle-strand conformationzl polymorphism (“Cold SSCP),
utilizes a dissociative sample huffer with heat to melt the
sirands, a TBE buffer, and a polyzcrylamide gel. In Cold
SSCP. temperatures of 4 to 35° C. we used to allow
varisble-conformalion renaturation to occur between mutant
strands, and temperature changes of oaly a few degrees can
sigpificantly alter the number of mulants seca. Sce Hongyo,
et al,, Nucleic Acids Research, 21, 3637 (1993). Another
methad, employed in DNA sequence amalysis, typically
vtilizes TBE buffers containing & to 8 M ures and/or 210 12
M formamide, and elevated temperatures, It is important that
the temperature remain high encugh—iypically 45 10 55°
C —to maintain fully meted DNA or RNA. Gels are usually
polyacrylamide and sometimes substituled acrylamide poly-
mers. For example, certain alkyl-substituted polyacrylamide
gels are described in Shoor et al., U.S. Pat. No. 5,055,517

These DNA and RNA separation methods ane character-
ized by the use of continuous huffer systems, which use the
sarpe buffer species and generally, but not necessarily, in the
same concenirations in the gel, the anode chamber, and the
cathode chamber, These bullers usually are comprised ol
Tris and boric acid with EDTA sdded to inhibit hydrolytic
enzyme activity, The TBE buffer system typically does not
provide good stability when used in pre-cast gels, made and
stored for periods of weeks at 4° C. The polymer teads to
break down, generating a fixed charge which leads to
disortion particularly at the catbode end of the gel where
fesolution is especially importaot. Urea also tends to break
down under alkaline pH at 4° C. Whea large concentrations
of urea are prescnl, the ionic breakdown producis can be
present al a large enough concentration in disrupl the sepa-
ration and cause loss of resolution.

Otber buffer systems for DNA apd RNA separations
employ Trisfacetate, Trisphosphate, and Tris/glycylglycine.
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While these buffer systems may be formulated near pH 7,
the pK, of Tris causes them (o shift to an alkaline pH durieg
clectrophoresis especially near the cathode. The applicants
bave found that the polyacrylamide and urea tend w break
down during clectrophoresis for DNA sequencing due to the
high temperatures (50° C.) cmployed for several hour runs
whee Tris is uscd as the buffcring basc. This breakdown
leads o higher current and lower resolution than might be
obtained with a nsutral pH buffer system, so that the DNA
sequence read length is reduced and read crrors are
increased.

The nced for nniformity and predictability is magnificd in
precast electrophoresis gels which are manufactured by an
outside veador and then shipped to the lzboratory where the
clectrophoresis will be performed. Precast gels must control
the propenties discussed above and they must be zble 1o
maintain this control throughowt shipping and storage. The
shelf life of many precast gels is limited by the potential for
hydrolysis of acrylamide and/or buffer constitution during
storage at the high pH of the gel buffer.

1t is a disadvaptage of a high pH gel thai the polyacry-
lamide gel is subject to degradation by hydrolysis and bas a
limited shelf-life.

Il is a furtber disadvantage of a high pH ge! that proteins
react readily with vopolymenized acrylamide which may
mterfere with subsequent analysis of the protein such »s
peplide sequencing.

M is a still funber disadvaniage of a high pH gel that thiol
groups are subject 1o oxidation to disulfides cousing 4
decreased resolution of separated macromolecules,

It is 2 fusther disadvantage of a high pH gel that buffer
constituents such as urca break down readily.

SUMMARY OF THE INVENTION

1t is an object of this invention to produce a neutral pel
system (hat reduces prolein reactivn with wnpolymerized
acrylamide thereby enhancing yield and resolution.

{i is a furtber object of this invention to produce a neutsal
gel system that prevents formation of disulfides from free
ihiol groups thereby enhancing yield and resolution.

It is also an abject of this invention to produce a neutral
gel system that reduces degradation of Lhe polyacrylamide
gel by bydrolysis Lhereby increasing the stability of a gel
during electrophoresis and the useful shelf-life of a precast
gel, and better resolution.

I is also an object of this invention to produce a aeutral
gel sysiem that reduces breakdown of buffer constituents,
such as urea.

In aceordance with this invention, applicants describe 2
gel and buffer system whesein separztica occurs at neutral
pH and proteins remain completely reduced. Applicants aiso
describe 4 gel and buller sysiem wherein siorage of the gel
and subsequent electrophoresis of macromolecules (such as
DNA, RNA, polypeptides and proteins) occurs at neutral
pll. The above and other objects and advantages of the
present inveation will be apparent upon coosideration of the
following detailed description.

DETAILED DESCRIPTION OF THE
INVENTION

Applicants describe a gel and buffer system wherein
separation occurs at peutral pH and proteins remain com-
plelely reduced. Advantageously, at this neutral pH, primary
amino groups of prolcins react less readily with unpolymer-
i7ed acrylamide because protonation of protein amino
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groups greally reduces their reactivity 1o acrylamide or other
refated blocking agents. Furthermore, at this neutral pH,
thiol groups are less subject 4o oxidation thao at higher pH
and pulyacrylamite itself i less subject w bydrotysis,

The result is 2 gel system with improved stability of the
gel matrix and stock solutions. Gels prepared aecording to
this system can be stored under refrigeration for over a year
without loss of performance due to acrylamide bydrodysis.
Abso, stock bullers withuul reducing agenls and stock gl
solutions without polymerization initiator can be stored for
at least several weeks at room temperature with no loss of
performance, An additional benefit is that a single gel recipe,
using the same buffer for the stacking and separating gels,
can be used with two different running buffers to give two
separation systems. Using this feature, an 8% gel, for
exarpple, can cover 2 protein scpanation range of 2 1o 200
kDa.

lo one embodiment of this invention a polyacrylamide gel
of between about 3% and about 25% (% T) acrylamide is
polymerized usmg from about 1% o about 6% crosslinker
(% C) using a gel buffer comprisiog & primary organic amine
or substituted amine with a pK, pear neutrality, titrated with
approximately half as much HC1 (on a molar basis), so that
the pH of the huffer is spproximately neutral. Tn a preferred
embodiment the gel is polymerized using from about 2% to
about 5% crosslinker (% C) using a ge) buffer comprising
bis-(2-hydroxyethyl) iminotrs (hydroxymethyl) methane
(Bis-Tris) titrated with HCL. Diffcrect separation character-
istics can be obtained by running the gel with cither a
3(N-morpholine) propanesulfonic acid (MOPS) or 2«{N-
morpholino) ethanesulfonic acid (MES), buffer. 2 mM to 10
mM thioglycolic acid (TGA) or 2 mM to 10 mM sodium
bisulfite is added to the running buffer to maintain a reducing
environment in the gel during electrophoresis.

Applicants also describe another gel and buffer system for
separation of macromolecules (including DNA, RNA,
polypeptides and proteins) wherein separation occurs at
neutral pH. This gel and buffer system may be a discontinu-
ous or continvous buffer system, but is particularly useful in
1 conlinuous systern. A continuous bulfer system is one
using the same buffer species and generally, but not
necessarily, in the same concentrations in the gel, the annde
chamber and the cathode chamber. This gel ied buffer
systcro permits higher resolution during electrophoresis
when alkaline-labile compounds such as polyacrylamide
and urea are present. This gel and buller system abso permits
higher resolution when elevated temperatures are nsed.
Advantageously, at this acutral pH, urca is less subject to
hydrolysis. Furthermere, polyacrylamide itself is less sub-
<! o hydrolysis.

This gel and buflfer sysiem also pussesses improved
stability of the gel matrix and stock solutions. Gels preparcd
according to thia system can be stored under refrigeration for
ovcer a year without loss of performance duc to acrylamide
hydrolysis. Also, stock buffers and stock gel solutions with-
out polymerization initiator can be stored for at Jeast several
weeks at room temperature with no loss of performance.

In an cmbodiment of this gel and buffer system an
clectrophoresis gel is uniformly saturated with a gel buffer
solution cormprising a primary organic amine or substituted
amine with 3 pKa near neutrality, titrated with approxi-
malely an equimolar amount of acid or zwilterionic
compound, so that the pH of the buffer is between about pH
6 and pH 8, preferably between about pH 6.5 to pH 7.5, and
mast preferably 6.5 to 7.0 The electrophoresis gel may be
any agarnse or pelyscrylamide gel. Preferably, the cleciro-
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phoresis gel comprises between 3% and 25% (% T) acry-
lamide polymerized using from about 1% to about 6% cross
linker (% C). More preferably, this polyacrylamide gel is
polymerized using from about 2% to about 5% crosshinker
(% C). Preferably, the amine comprises Bis-Tris or N-{2-
hydroxvethyl) morpholine, and most preferably, Bis-Tris.
Suitable acids 2nd zwitterionic compounds are hydrochloric
acid, tricioe, acelic acid, piperazine-N N'-bis(2-
ethaaesulfonic acid), 3{(N-morpholino}-propanesulfonic
acid, 2-(N-morpholino)ethancsulfonic acid, N-(2-
acelamido)-2-aminoethanesutfonic acid, 3-(N-morpholino)-
2-hydroxypropanesulfonic acid, N-[uis(hydroxymethyl)
methyl}-2-aminocethanesulfonic acid, N-{2-bydroxyethyl)-
piperazine-N'-(2-cthanesulfonic acid), N,N-bis(2-
hydroxyethyl)-2-aminocthanesulfonic acid, and 3-(N-tris
(hydroxymethyl) methylamine)-2-hydroxypropanesulfonic
acid. Tricine, 2-(N-morpholinc)-cthanesulfonic acid, and
piperazine-N N'-bis(2-¢thanesullonic acid) are preferred for
use in the buffer for a continuous gel and buffer system for
separation of DNA and RNA because the resulting sysiem
bas separation characteristics similar (¢ the commonly used
TRE gel systems. Tricine is masl preferred for that use.
Preferably, the gel buffer comprises Bis-Tris titrated with
tricine.

In a gel and buffer system, current increases and migration
rates decline as the performance of the gels decline. The
increase in current has been attributed 1o alkaline-catalyzed
hydrolysis of urea present at 36% Lo 42% coocentrzlivn. Any
breakdown in a peutral substance prescol at a large
concentration, whick produces a charged specics will tend to
distupt the clectrophoresis. This disruption ariscs from the
extre curreat produced, which in turn increases joule heating
without aiding the separation. In addition, a discontinuity
arises from the aniopic and cationic hydrolysis products
forming in the gel that are oot present in the cathode and
anode buffers. Hydrolysis of gel bufler species or additives
takes place independently from the gel matrix composition.
The decrease in migration rate may be attributed io higher
fixed charge in the gel caused by alkaline-catalyzed hydroly-
sis of the gel's polyacrylamide. The fixed charge leads o
significant counter-flow of water, which can retard a mac-
romolecule’s migration raic. It has beea fouad that problerms
of gel instabilily producing lower resolution, increased
current, decreascd migration ralcs can be solved with gels
buffered near neutrality and with buifer substances having a
pK, ear oeutrality. Such buffering systems improve the
performance of fresh or pre-cast polyacrylamide gels, and
fresh or pre-cast gels containing alkaline-labile materials,
such as urea or formamide, even whea the gels are made
with base-stable polymess.

The inventors also have discovered the value of using
different buffer substances in the catbode, gel, and anode
buffers. A group of substitutions relating to cost and through-
put bave been discovered. The 2ajonic subsiance used ia the
gel or the cathode buffer need oot be present ic the znode
buffer since the anjons do oot migrate out of the anode
bufler. In fact, the use of chloride or oiber strony acids in the
aoode buffer serves to increase the conductance of the buffer,
thereby increasing the ot voltage drop across the gel and
decreasing rua limes. Such acids arc also typicaily much less
expensive as compared to those employed in the cathode
buffer. Similarly, the base used to adjust the pH of the
cathode buffer need oot be the same as that used in the gel.
At a neutral pH, sodium hydroxide, Tris, and other organic
bases with a basic pK, have a higher conductance and often
jower cost Ihan Bis-Tris or other bases with a pK, near
ncutralily. Using sodium or Tris salis in the cathode buffer
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will also decrease the gel rup times. Often, the anode and
cathode buffers are used at a higher conceptratinn than in the
gel, further increasing their conductance and decreasing gel
run limes. Thus, using dilferent, more conductive anode and
cathode buffer specics than in the gel buffer increascs 5
throughput and decreases cosis,

It was also found that Tris or Bis-Tris may be used in the
anode buffer with po visible effect on Ihe separation quality.
Because of ils higher pK,, Tris gradually infilirstes the
anode cnd of the ge! increasing that region’s conductance,
causing the voltage drop 1o fall locally. Thus, the macro-
molcculcs ncar the anode slow down and the scparation
compresses, while the macromolecules near the cathode
experience a higher voltage drop increasing their migration
and relative separation. This effect of Tris actually improves
the resolution of macromolecules at the cathode end of the
gel where it is most needed. ‘Itis is the preferred cholee for
routine use, because itis available ai siguificantly lower cost
than Bis-Tris and can improve read lengths.

The prefemed embodiment of this invention uses Tris
chloride in the anode buffer, the sodium or Tris salt of the
acid or zwilterionic compound in the cathode butfer, and
Bis-Tris as the gel buffer amine. For protein and polypeptide
separations, the most preferred cathode huffers are sodium
or Tris salts of MOPS and MES, combined with a Bis-Tris
chloride gel buffer. For DNA and RNA separatioas, the most
preferred cathode bullers are sodium or Tris salts of tridine,
combined with a Bis-Tris uicine EDTA rucaing buffer.
Whea the buffer chambers are small, the most preferred
moalar concentratioos of the cathode and anode buffers arc
five times that present in the gel buffer. These buffer systems
provide the benefits of a neutral pH gel during both storage
and running, the least cost, and the fastest run times.

These and other ¢mbodiments can be understood by
refercnce 1o the following illustrative and comparative
examples.

EXAMPLES

Tris, Bis-Tris, MES, uicine, MOPS and Piperazine-NN'-
bis{2-ethanesulfonic acid) (PIPES) were purchased from
Sigma (S1. Louis, Mo.} or Rescarch Organics (Cleveland,
Ohio). Thioglycolic acid (TGA), dithiothreitol (DTT) and
bela-mercaploctbanol (BME) were from Sigma. All other
chemicals were reagent, “ultra pure” or “electrophoresis
gradc” from standard sources.

In Example 1 through 6, gels were cast in 1 mm thickness
misi-gel casseltes from NOVEX (San Diego Calif.) and run
i a0 X-Cell minicell. The Bis-Tris separating gel and
stacking gels were prepared from a 30% T2.5% C
acrylamide/BIS stock solution and @ 7x Bis-Tris stock
soletion (2.5M Bis-Tris, 1.5M HCY, pH 6.5). ‘fo prepare the
separating gel, the stock solutions were blended with ultra
pure water to a final concentration 8% T, 0.357M Bis-Tris,
10 which was added 0.2 ulm! N,N,N'.N'-tetra-methyl-
cthylene-diamine (TEMED). After degassing, 2.0 ul/ml of 2
10% solutivn of ammoninm persulfaie (APS) was sbded, the
gcl was immediatcly poured into the cassette thea overlaid
with water. Polymenization was allowed to proceed for at
least 30 minutes al room temperature (RT), the water was
removed and a 4% stacking gel applied. The stacking gel
was prepared in the same f[ashion as the separating gel,
excepl that the final concentration obtained was 4% T, the
TEMED concentration was increased to 0.4 ul/ml and the
APS-solution increased to 5.0 ul/ml. MOPS runping buffer o5
comsisted of 50 mM MOPS, 50 mM Bis-Tris (or Tris), 0.1%
S5, | mM EDNTA. MES nimning buffer consisted of 50 mM
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MES, 50 mM Bis-Tris (or Tris), 0.1% SDS, | mM EDTA.
Sample buffer (2x) consisted of 0.25 M Bis-Tris, 0.15 M
HCL, 10% (w/v). Glycerol, 2% SDS, 1 mM EDTA, 0.3%
Scrva Blue G, and 200 mM DTT. Sumples containing s sel
of protein siandards were beated for 15 min at 70 degrees
before application. Bovine serum albumin (BSA), chicken
cgg ovalbumin, alkylaked insulic A and B chain, soybcen
trypsin inhibitor, and bovine erythrocyte carbonic anhydrase
were included in the standard. Sample volume was 5 ul in al}
Cases.

Example 1

The proleip standands were separated on an §% Bis-Tris/
Cl gel with MOPS ruuniug buffer in the absence of a
reducing agent. The resulting scparation pattern was very
similar (o that obtained on an 8% Tris/glycine pel
(Laemumli), with proteins 20,000 and smaller remaining in
the stack along with the tracking dye. The BSA band was
somewhat diffuse and shified toward the anode. The Oval-
bumin band was also somewbal diffuse.

Example 2

The protein stupdands were separated on an 8% Bis-Tris!
Ci gel with MOPS running buffer in the presence of TGA in
the cathode buffer. Again, the scparation paticrn was very
similar to that obtaincd on an 8% Trisiglycinc {Lecmmli)
gel, with proteins 20,000 and smaller remaining in the stack
along with the tracking dye. The presence of the reducing
ageol, 5 mM TGA, in the cathode buffer provided for beiter
resolution of the proteins BSA and Ovalbumin compared o
the gel run without TGA.

Example 3

The protein standards were separated on an 8% Bis-Tris/
Cl gel with MOPS rvaning buffer in the presence of sodium
bisulfite in the cathode buffer. Again, the separation patiern
was very similar (o that obtained on an 8% Tris/glycine
(Laemmli) gel, with proteins 20,000 and smaller remaining
in the stack aloog with the tracking dye. The presence of the
reducing agent, 5 mM sodium bisulfite, in the cathode butfer
provided for better resolution of the proteins BSA and
Ovalhumin compared to the gel run without sodium
bisulfite,

Example 4

The protein standards were separated on an 8% Bis-Tris/
(1 gel with MES ruaning bufler in the absence of a reducing
agent. The protein separalion was very similar to that
obtained from an 12% TrisAricine (Schaegger) gel. All
proicins were resolved from the stack including insulin A
and B chain {3500 and 2500 daltons, respectively). When the
gelis ruo without TOA, soybean trypsio ichibitor had a more
promipent doublet.

Exampk 5

The proteia standards were separated on an 8% Bis-Tris/
Cl gel with Bis-TrisMES ruoning buffer in the presence of
TGA i the cathode buffer, Again, all proleins were resolved
from the stack including insulin A and B chain (3500 and
2500 daltons, respectively). The presence of the reduciog
agent, § mM TGA, in the cathode buffer provided for hetter
resolution of the protein soybean wrypsin inhibitor. Carbonic
anhydrase rag zs a tight, sharp band under al! conditions
tested,

Exampk &

The protein standards were separated on an 8% Bis-Tris!
€1 gel with Ris-Tris'MES running buffer in the presence of
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sodivm bisulfite i (pe cathode byfer Apain, all peotgins Trisisa Erliary amine and wil} ot interfere wih the Proin
Wete resolved from the Stack including insylin A and Behain ifying agents which reict through primary amines Tris

(3500 gad 250G daltons, Tespectively). The Prsece of the  bowever, 35 (he preferred chojor for routine use, because it.
reduging 2genl, 5 mM sodium bisulfite, in pe thode byfyr s available g signiﬁcmﬂ'y lower coss thap Bis-Tris.

provided for bete, resolution of the protein soybean Itypsin 5 Example 7
whibitor, Carbonic ashydrase rap 5 5 Hght, sharp band . .
under all conditiogs fosted, Al47% T/5% CTBE urca gel was made in 1o following

manaer. To are the separa); 1 solution, a 304
Although MES ang MOFS were selecieq a desirable ;qyramidux,%?bk-wylmpfae s:mgcfesomﬁonma?.s ml),
ranouny bulers for pryein SEPAMINOD bevause the resyiging 200 2 5x ge] buffer stock sohutiog coataising 0.45 M Tris
sysiem bas sepanagion chasacteristics simifar 1 1pe 0m- 10 .45 M boric 2cid, and 0.01 M EDTA, PH 8.18 (20 m1}) wece
monly used Laemmli agq Schaegger ge) Syslems, it was  pived with yrea (36 £), TEMED (29 ul), a0d enough waje;
found that o nage of buffers ane sitable for usc iy ghis was sdded (o make 100 i0l. The Goal solutiog PH was 887,
Sysiem. Among the additiong] bulfers giving good fesults It wag degassed, a 109 AMMODILm persulfate sofyion
were [Nv(2~ncetlmido)]-z-aminoethauesnlfonic acid  (“10% APS”) (128 ul) was added g 6 4 ml, and poured g,
(ACES), 3{N—morphoﬁno]-2-hydmxypmpmesu1fonic acid _ i from NOVEX (San Diegn,
(MOPSQ), N.['rn‘s-(bydmxymemyl)meebyn.z. Calif). A comb-forming ge) sohtio Was made similar]y,
amiooethanesulfonic aoid (rES), N ,N-bjg(z.hwmxyﬂhyl)_ with the following differences; acryhumide bis Solution { 127
2-aminoettanesulfonic 3rig (BES}, N{2-bydroxyethyl)  al), TEMED (50 ul), ad o ures; 1o 1.0 ! of this solution
PipeTazine-N'{(2-cthanesulfonic &cid) (HEPES), ang 3{N.  wasadded 10% APS (0.1 M1} 4nd it was imemediately paureg
Trfs—(hydroxymuby!) methylaming). ). 20 on et scparating gel sojution, A 1 m 10-well comb
hydroxypwpmﬁulfonic acid (TAPSQ), (NOVEX) was added, and the gels werp tllowed 10 poly.
) o ) enze for af kagt 39 Miules ot toom temperamre, They
Al_l_lhe proteias that exbibit some band broadening wdos o then run afier Slorage in seated poyches with 1x ge)
buffer containing 7M st differey; lemperatres,

5 - . A The gels were rup fresh or after storage o eithey 4° (- or
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least a5 pronounceq 28 B in the pewisal PH system. 0 it had doubled as compared 1o fresp gel bangs,
However, D'IT and smnlfr “peutral” thio] reducing 305 When stored at 35° € for ¢ week, the pels ran with higher

al sufficient concentration, provide some protection agajgg and indistinet, Afiey three weeks, o bands eould e
oxidation of sulfhydeyks. At newtral Sparaling pH, DT seen and the gels wep very fragie

from the samp)e buffer is in 2y une form and wijy .

remain behind in the sample veyy Thus, 0o reducing agen; Lxample

45

pattially ozidized TGA wi PIOmOte partial oxidation of Exatmple §
Gels were Prepared, stored, and rup a5 described iy
. Example 7, except that the 5x gel buf_!:r Was compased of
refiect the ratio of rog woed 10 oxidized thiols gy TGA, 0125 M‘N-(z-hydroxyelbyl) @worphotine (FEM), 0,083 M
Conversely, sulfiie oxidizes ¢ sulfate, which does Dot par. el acid, and 0,002 M EDTA pH 70, 20d the final gel

i : ). ; solution pH was 721, These Bk showed no significag
ticipate ip rcdoxreaclmnsunderoondnmns found ip the ge| @ change in hapg sharpness, running cus ™, or migration

distances whep storeg or up 10 three weeky a1 35¢ C.orfor
several months ap 4° C. However, the gels mrned yeliow on
Sorage a1 35° ¢

Bis-Tris in the running byffar With a0 visible effect on the ¢ Example 10
Separation quality, Bis.Tyi Mty be preferred whops the Mini-DNAs:q:mncing gels were prepared feog the same
Protein wil) he r'nlentinmlly medified Pos-szparation. Ris. Separating get solurion s% described in Exampie 7, except
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that oaly 23.3 m] of acrylamide/bis solulion was employed,
the wea was increased to 42 g, and the TEMED was
increased to 30 ul. It was used without degassing by adding
10% APS (50 ul) 10 10 ml of the soletion, and pounng
between 11 con wide by 22 cm loog thick glass plates with
0.25 mm spacers. The gels were allowed to polymerize for
60 minuics al room tcmperature, then run the seme day.

Samples employed were an M-13 DNA sequencing reac-
tivo preparcd with 5**label using a USB Sequeoase kil,
version 2, (United States Biochemicals, Cleveland, Ohio).
They were run in a custom-made DNA sequencing chamber
at 15 watts {(about 50° C.). Finally, the bands were visvalized
by autoradiography. The gels had a read leagth of 120 bases
with & 5% error rate (95% accuracy).

Example 11

Gels were prepared and run as in Example 10, excepi that
1e 5x gel buffer was composed of 0.5 M Bis-Tris, 0.84 M
tricine, and 0.01 M EDTA pH 7.2 and the final gel solution
pH was 7.50. The gels bad a read length of 137 bases with
4 1.5% error rate (98.5% acauracy).

Example 12

'The scparating gel solution was prepared as in Txample 7,
excepl that a SoancGel S$Q solution (2 solution of substiruted
acrylamide and substituted bis-acrylamide cross-linkers,
available from Soane Biosciences Inc., Hayward, Cahif.) was
used for the polymer st 6% T, and the TEMED was increased
10 88 ul. After initiation of the gel solution (40 ml) with 10%
APS (200 ul), the gels were poured in plates with 0.35 mm
spacers for an ABI Model 377 DNA Sequencer {Applied
Biosystems Division of Perkin Elmer Corp., Fosicr City,
Calif.), and allowed o polymerize at room temperature for
2 hours. The gels were loaded with 2 PGEM sequencing
reaction and run with 1x TBE buffes at 30 Vicm, penerating
55° C. They had a read length of 815 bases; at 550 bascs the
crror ratc was 1.5% (98.5% accuracy).

Example 13

Gels were prepared and run as in Example 12, except that
the 5x gel buffer was composed of 0.5 M Bis-Tris, 0.84 M
tricine, and (.01 M EDTA pH 7.2, and the final gel solution
pHwas 7.5. The gels were run with 1x gel buffer at 30 V/cm,
generating 55C., and had 2 read Jength of 866 bases; at 550
bases the error rate was 1.1% (98.9% accuracy).

Although the invention has been explained in relatios to
its preferred embodiments, it is 1o be undersiood that various
modifications thereof will become appareat to those skilled
in the ant. The foregoing disclosure is not intended or to he
construed to limit the present invention, or Lo otherwisc
exclude any such otber embodiments, adaptions, variations
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and cquivalen! arrapgements, the present invention being
limited only by the claims appended hereto and the equiva-
lents thereof.

We claim:

1. A gel, comprising:

between 8 and 25 (wiivol)% acrylamide; and

a gel buffer having a pH between 6 and 8, wherein said gel
buffer comprises his(2-hydroxyethyl) iminotris
(hydroxymethyl) methane,

wherein said gel is an electrophoresis separating gel.

2. The ge!l of claim 1, wherein said gel is precast.

3. The gel of claim [, said gel having a shelf life that is
greater than or equal lo one moath when said gel is stored
under refrigeration.

4. The gel of claim 3, said gel having a shelf life of ai least
one year.

5. The gelof claim 1, wherein said pH is based on tilration
with hydrochloric acid.

6. The gel of ciaim 1, wherein said gel buffer has 2 pH of
between 6.5 and 7.5.

7. The gel of claim 1, wherein said gel is kas a pH of aboul
7.

8. The gel of claim 1, further comprising about 10 {wt/vol)
percent acrylamide.

9. The gel of claim 1, further comprising about 12 (wi/vol)
percent acrylamide.

10. A gel electrophoresis system, comprising:

a sepanating gel including acrylamide and 2 bis{2-
hydroxyethyl) iminotris (hydroxymethyl) methane gel
buffer having 2 pH between 6 and 8;

an clectrophoresis noit; and

ot least one running buffer.

11. The gel electrophoresis system of claim 10, wherein
said electrophoresis unit is a mini-gel unit.

12. The gel clectrophoresis system of claim 10, wherein
said af least one ruonning buffer is selected from the group
comprising MES and MOPS.

13. The gel elecirophoresis system of claim 10, wherein
said scparating gel bas a pH of about 7.

14. The gel electrophoresis system of claim 10, wherein
said separating gel bas a shelf lifc of at least one year,

15. The gel clectrophoresis system of claim 10, further |

comprising a plurality of scparating gcls.

16. The gel electrophoresis system of claim 10, wherein
said separoting gel is between 3 and 25 (wifvol) percent
acrylamide.

17. The gel electrophoresis system of claim 16, wherein
said separating gel is about 10 (wt/vol) percent acrylamide.

18. The gel electrophoresis sysiem of claim 16, wherein
said separating ge! is ahout 12 (wi/val) percent acrylamide.




