Protein purification for the Lowry assay: acid precipitation
of proteinsin the presence of sodium dodecyl sulfate and
other biological detergents.

H.Y. Yeang, Faridah Yusof and Latifah Abdullah

Analytical Biochemistry 1998;265(2):381-4

Abstract

The Lowry protein assay iswidely used to quantify proteinsin the laboratory. Asthe
assay is susceptible various interfering substances, the protein test sampleis
frequently first purified by precipitating the proteins using trichloroacetic acid (TCA).
However, TCA precipitates proteins poorly in the presence of sodium dodecyl sulfate
(SDYS), adetergent very commonly used in biological research. The inhibitory effect
of up to 1% SDS on protein precipitation is effectively overcome by a combination of
5% TCA and 1% phosphotungstic acid (PTA). The TCA/PTA mixture also
precipitates proteins readily in the presence of other detergents such as 0.1% Tween
20, Triton X-100 or Nonidet P-40. TCA/PTA has the capacity to precipitate a wider
cross-section of proteins than TCA alone, the combination of acids remaining
effective in the presence of SDS and other detergents.
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As the Lowry protein reaction (1) is susceplible (u
interfercnce by various substances (2), purification of
the protein sample by precipitation with acids prior to
protein assay is frequently undertaken (1, 3, 4). Among
the interfering substances are various biological deter-
gents (2). Such interference can be overcome by the
addition of sodium dodecyl sulfate (SDS) when carry-
ing out the Lowry assay (5. 6). Notwithstanding this,
SDS, a commonly used detergent in biological research,
may already be present in some test samples prior lo
arid precipitation. How SDS and other detergents in
the test sample affect the acid precipitation step to
purify proteins (rather than the Lowry reaction itself)
has not been investigated. This report describes the
effect of 8DS on protein purification by precipitalion
with trichloroacetic acid (TCAY and posphotungstic
acid (PTA) to prepare for the micre Lowry protein
assay. The effects of some other biological detergenls
(Twoen 20, Triton X-100, and Nonidet P-40) on acid
precipitation of proteins are also examined. Ovalbumin
wag used as the test protein in initial experiments
while further investigations involved proteins eluted
trom natural rubber latex gloves,
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Materials and Methods

Reagents. Ovalbumin, TCA, PTA, SDS, Tween 20
(polyoxyethylene sorbitan monolaurate), Triton X-100,
Nonidet P-40, and Folin—Ciocalteu reagent were pur-
chased from Sigma Chemical Co., U.S.A. Reagents for
the modified micro Lowry agsay were prepared as fol-
lows: Reagent A, 6% sodium carbonate in distilled wa-
ter; Reagent B, 1.5% copper =ullale in 3% sodium ci-
trate; Reagent C, 50 ml Reagent A mixed with 1 ml
Reagent B (working reagent prepared on the day of
assay); and Reagent 1), Folin reagent diluted to 72%
with distilled waler,

Concentrations of all reagenis und test proteins refer
to their final concentrations in the mixture.

Test proteins. Ovalbumin (80 pg ml ') was dis-
solved in distilled water or in distilled water containing
0.1 or 1% SDS or 0.1% of the detergont, Tween 20,
Triton X-100, or Nonidet P-40.

Pieces of latex gloves (equal weight from five brands)
were eluted in phosphate-buffered saline (PBES} at the
rate of 290 g per 500 ml buffer for 3 h. A portion of the
eluate was dialyzed overnight at 4°C) in 2000-kDa mo-
lecular weight cut-off dialysis tubing (Sigimna Chemieal
Co.) against PBS. Dialysiz removed most of the sub-
stances that would interfere with the Lowry assay (3).
The dialyzed sample was used for the Lowry reaction
withoul acid precipitation, while the Lowry azsay was
carried out on the undialyzed sample alier acid precip-
itation with TCA or a mixture of TCA and PTA.

Protein purification and concentration by neid pre-
cipitation. In a typical assay, an aliquol of 0.5 ml
containing 35% (w/v) TCA and 7% (w/v) PTA was addad
to 3 ml of test sample {or other volumes in a similar
ratio) in a centrifuge lube. After mixing, the mixture
was allowed to stand for 20 min. Centrifugation was
then carried out at 2060g, 4-6°C, for 30 min on a
Beckman GS-6R centrifuge, after which the superna-
tant in the centrifuge tube was disearded. The centri-
fuge tube was lell in an inverted position for several
minutes to ensure thorough removal of the superna-
tant. Plastic (polycarbonate) centrifuge tubes were pre-
ferred to glass tubes as the former retained the precip-
itate better (in the form of 4 thin film at the bottom of
the tube). The protein precipilule was redissolved in 3
ml 0.25 M NaOII fur at least 20 min, Prulein samples
without detergent or that contained SDS dissolved
readily in NaOH, but samples that contained the other
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detergents were generally more difficult to redissolve,
and thorough mixing for about 30 min with intermit-
tent vortexing was required.

Micro Lowry assay. The micro Lowry assay modi-
fied for high sensitivity (4) was adapted for this study.
An aliquot of 0.3 ml Reagent C was added to 0.8 ml of
test sample. After mixing, the mixture was allowed to
stand for 15 min and 0.1 ml Reagent D was then added.
In assays where Tween 20, Triton X-100, or Nomidet
P-40 was present, 0.3 ml of 20% SDS was first pipetted
into the test mixture before the addition of Reagent D
to prevent the formation of a precipitate (5, 6). This
step was omitted when SDS was the detergent present
in the test sample. The contents of each tube were well
mixed (using a vortex mixer) and Reagent D was added
immediately. The mixture was allowed to stand for 30
min at room temperature and absorbance was read at
750 nm on a spectropholometer.

Results and Discussion

5DS and other biclogical detergents are commonly
used in laboratory manipulations and are therefore
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frequently present in low concentrations in samples for
protein quantitation. When ovalbumin was precipi-
tated with 5% TCA, the presence of SDS interfered
with the precipitation reaction. SDS present at 0.1%
greatly inhibited protein precipitation, while almost
total inhibition occurred with 1% SDS (Fig. 1). How-
ever, when 5% TCA was supplemented with 1% PTA,
protein was effectively precipitated (Fig. 1).

The TCA/PTA mixture alse precipitated ovalbumin
readily in the presence of 0.1% Tween 20, Triton Z-100,
or Nonidet P-40 (Fig. 2). In all cases, assay results gave
readings within 10% of the unprecipitated controls
(with no detergent added) using the Lowry assay. How-
ever, as these three detergents {unlike SDS) did not
interfere with the precipitation of ovalbumin by TCA,
the additional presence of PTA did not confer any ad-
vantage over using TCA alone.

SDS at 0.1 or 1% did not give a reading over the
blank reading for the Lowry assay when precipitated
with TCA/PTA. The other detergents at 0.1% gave a
small ahsorbance of aboutl 0.03 (equivalent to about 2
pg ml7t ovalbumin). Whereas ovalbumin with SDS

NONIDET TWEEN 20

FIG. 2. Effect of various detergents (0.1%) on the quantitation of a 90 pg ml™! avalbumin sample that was unprecipitated (dialyzed) B,

precipitated with 5% TCA E3, or precipitated with 5% TCA | 1% PTA

(means of four readings). Tx-100, Triton X-100.
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FIG. 8. Effecl of 3% TCA or 5% TCA + 1% PTA in preeipitating a latex glave protein sample containing no SDS B, 0.1% SDS B4, or
1% 3D EE. The unprecipilabed samples were dialyzed (means of two readings).

dissolved readily in NaOH, the presence of 0.1% of
these other detergents made redizsolving the protein
difficult, For this reason, Tween 20, Triton X-100, and
Nonidet P-40 were not tested at the higher concentra-
tion of 1%. Similarly, the practice of redissolving the
precipitated protein in a volume of NaQH smaller than
the original volume of the tesl sample in order to in-
crease assay sensitivity (3, 4) was not done in this
serics of experiments as it would increase the deter-
gent concentration also.

The findings obtained using ovalbumin as a protein
model were compared with results obtained using pro-
teins eluted from latex examination gloves. Latex glove
proteins are a mixture of several peptides derived from
Ievea brasiliensis lutex that is used in the manufac-
ture of surgical and examination gloves (7). Health-
care workers use latex gloves in very large numbers,
and the quantitation of the very small amounis of
residual proteing on these gloves is of interest in view
of the important prevailing problem of latex allevgy (8, 9),

Unlike ovalbumin, various latex proleins were inher-
ently resistant to precipitation by TCA, irrespective of
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the presence or absence of detergents (Fig. 3). Hence,
precipitating latex proteins with TCA [or the purpose
of protein quantitation would result in a substantial
underestimate of the true protein concentration. The
poor recovery of lalex protcins by TCA precipitation
was exacerbated by the presence of SDS (Fig. 3). When
PTA was supplemented to TCA, however, the lutex
glove proteins were found to precipitate effectively,
this action being maintained even in the presence of
0.1 or 1% SDS (Fig. 3).

Protein recovery by TCA/PTA precipitation was sim-
ilarly effective in the presence of 0.1% Tween 20, Triton
X-100, or Nonidet P-40. Unlike the precipitation of
ovalbumin where the presence of PTA conferred no
advantage over using TCA alene (Fig. 9), the added
presence of PTA was clearly advantageous when pre-
cipitating latex proteins, The latex proteins that could
not be precipitated using TCA alone were recovered
when PTA was supplemented (Fig. 4). PTA concentra-
tion was increased [rum the 0.2% used previously (4) to
1% in the present study t¢ accommodate the presence
of the detergents in the test sample. If delergents arc
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FIG. 4. Effoct of various detergenta (0.1%) on the quantitation of a sample of lutex glove proteing that was unprecipitated (dialvzed) B,
previpitated with 5% TCA ES, or precipitated with 5% TCA — 1% PTA (means of four readings) Tx-100, Triton X-100.
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kknown to be absent, the use of either 0.2 or 1% PTA
would be satisfactory. Wang and Smith (5) and Cad-
man ef al. (6) reported that protein treated with deter-
gent often caused a precipitate to form when the Folin
reagent was added during the Lowry assay. Purifica-
tion of the protein with TCA and FTA in the present
study did not prevent this. Hence, the practice (5, 6) of
adding SDS prior to the Folin reagent was adopted
when detergents were present in the Lest sample. Ad-
dition of SDS in Lhis slep dilutes the reaction mixture
and reduces test sensitivity slightly. Absorbance read-
ings are higher where this step can be omitted, either
where detergent is absent or where the detergent
pregent is SDS itself (compare absorbance values in
Fige. 1 and 3 with corresponding values in Figs. 2 and
4 where this step was omitted).

The tolerance limits for detergents (1% for SDS and
0.1% for Tween 20, Triton X-100, and Nonidet P-40)in
protein samples apply specifically o the microassay
{4). This assay has been modified for high sensitivity by
increasing the proportion of the test sample in the
Lowry reaction mixture. Thus, the test sample makes
up 57% of the reaction mixture volume (prior to adding
the Folin reagent). Higher detergent concentration can
he tolerated in a typical “standard” Lowry assay where
the test sample might be no more than about 5-10% of
the total volume.

Conclusion

In purifying proteins by acid precipitation, 5% TCA
precipitutes proteins (exemplified by ovalbumin and
latex proteins) poorly in the presence of 5DS. However,
the inhibitory effect of SDS on protein precipitation is
effectively overcome by a combination of 5% TCA and
1% PTA. The TCAPTA mixture alse precipilales pro-
teins readily in the presence of 0.1% Tween 20, Triton
X-100, or Nonidet P-40. TCA/PTA has the capacity to
precipitate a wider cross-section of proteins than TCA
alone, the combination of acids remaining effective in
the presence of S3DS and the other detergents exam-
ined in this study.
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