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Tris(2-carboxyethyl)phosphine hydrochloride (TCEP<HCI)
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Name: Tris(2-carboxyethyl)phosphine hydrochloride(TCEPeHCI)
Molecular Weight: 286.64;
CAS #: 51805-45-9

Storage: Store at room temperature in sealed container to prevent oxidation.

TCEP is a potent, versatile, odorless, thiol-free reducing agent with broad application to protein and other research
involving reduction of disulfide bonds (Figure 1). The unique compound is easily soluble and very stable in many
aqueous solutions. TCEP reduces disulfide bonds as effectively as dithiothreitol (DTT), but unlike DTT and other
thiol-containing reducing agents, TCEP does not have to be removed before certain sulfhydryl-reactive cross-
linking reactions.
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Figure 1. Reduction of organic disulfide bonds with TCEP.

The ability and virtues of trialkylphosphine compounds to reduce protein disulfide bonds have been known for
many years. Phosphines are stable in aqueous solution, selectively reduce disulfide bonds, and are essentially
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nonreactive toward other functional groups commonly found in proteins. However, widespread adoption of
trialkylphosphines as reductants for protein research was hindered by their disagreeable odor and poor water
solubility. These obstacles were overcome by discovery of tris(2-carboxyethyl)phosphine (TCEP).

TCEP selectively and completely reduces even the most stable water-soluble alkyl disulfides over a wide pH range.
Reductions frequently require less than 5 minutes at room temperature. TCEP is non-volatile, odorless, and unlike
most other reducing agents, is resistant to air oxidation. Compared to DTT, TCEP is more stable, more effective,
and able to reduce disulfide bonds at lower pHs.

Stability in Solution

TCEP is stable in aqueous, acidic, and basic solutions. When TCEP is dissolved directly in water, the
resulting pH is approximately 2.5. Studies indicate that no change in concentration of TCEP occurs
after 24 hours incubation at room temperature in 100mM HCI, 100mM NaOH, or in any of the
following 50mM buffers: TriseHCI (pH 7.5, 8.5, and 9.5), HEPES (pH 6.8 and 8.2), borate (pH 8.2 and
10.2), and CAPS (pH 9.7 and 11.1).5 Even after three weeks in these buffers, less than 20% of the
TCEP was oxidized.

TCEP is not particularly stable in phosphate buffers, especially at neutral pH. Experiments indicate
that TCEP completely oxidizes within 72 hours in 0.35M phosphate-buffered saline (PBS), pH 7.0.
Approximately 50% oxidation occurs in the same amount of time in 0.15M PBS, pH 8.0. Only
minimal oxidation occurs in PBS at pH > 10.5 or < 6.0. Therefore, if TCEP is to be used in PBS
buffers, prepare the working solution immediately before use.

Effective Reducing pH

TCEP effectively reduces disulfide bonds over a broad pH range. In one experiment, TCEP
completely reduced 2,2 dithiodipyridine (2,2 -DTDP) within 30 seconds at 1.5 < pH < 9.0. Above pH
9.0, only 50% reduction occurred.

TCEP is a more effective than DTT at pH < 8.0; TCEP will even reduce oxidized DTT.

Working Concentration

For most applications, 5-50mM TCEP provides sufficient molar excess to effectively reduce peptide
or protein disulfide bonds within a few minutes at room temperature. TCEP was demonstrated
complete reduction of 2,2 -DTDP (20uM) by TCEP (30uM) at pH 1.5 to 8.5, within 40 seconds.5 When
molar equivalents of TCEP are used the reaction time is much longer. It is reported that a 1:1 ratio
of TCEP to disulfides required nearly one hour to complete the reduction.

Compatible Applications
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e No need to remove excess TECP for thiol maleimide reaction because the TCEP reacts with
maleimide very slow. In most situations, TCEP concentrations < 10-20mM are compatible with
maleimide reaction chemistry.

e TCEP may be used as a substitute for DTT or 2-mercaptoethanol (2-ME) in reducing sample loading
buffer for SDS-PAGE; use a final concentration of 50mM TCEP.

e partial” reduction of antibody: 2-mercapto-ethylamine (2-MEA) can reduce disulfide bonds in the
hinge region of IgG molecules without reducing those connecting heavy and light chains.

e Example protocol
Add TCEP at a final concentration of 3.8-4.0mM to 10mg/mL IgG in 0.1M phosphate buffer (pH 4.6-
7.5); incubate for 20-30 minutes at room temperature, then use a desalting column to remove the

TCEP products.
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