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Introduction and Background:

Sample preparation for proteomic analysis of whole tissues requires extraction of the entire intact proteome followed by
specific digestion with enzymes such as trypsin. The presence of endogenous tissue proteases can lead to non-specific
proteolysis during sample preparation. To prevent this, many protocols call for the addition of protease inhibitors to the
extraction buffer. While inhibitors can be quite effective, their presence and continued action can result in poor trypsin
digestion and fewer peptides available for analysis. Earlier studies have shown that very high pressure can be used to inactivate
sample-derived enzymes. In this study, we examined the utility of high hydrostatic pressure for rapid inactivation of
endogenous proteases in tissue lysates.

The HUB880 Explorer from
PBI can reach pressures up to
95,000psi  (655MPa), for
enzyme inactivation and
other ultra-high  pressure
applications. The large sample
chamber can hold up to 48
PCT MicroTubes at a time.
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occur in less than 2 hours (Figure 1A). Protease inhibitors, often added during
sample preparation, can significantly interfere with the subsequent generation
of specific peptides for MS, even when diluted 10-fold before addition of
enzyme (Figure 1B). Reduced enzyme activity could lead to inefficient digestion
and fewer peptide and protein IDs. As an alternative to chemical protease
inhibitors, high pressure can be used to denature and inactivate endogenous

enzymes during tissue preparation. The data in Figure 2 show that many . | |
diverse cellular enzymes can be inactivated by high pressure treatment. In | &= === TS R SRRt e Inactivation of Cellular Enzymes at Different Pressure Levels

addition, these data suggest that some enzymes are more pressure-stable than Figure 1. Protein degradation by endogenous proteases and the effect of  Figure 2. Effect of hydrostatic pressure on inactivation of cellular enzymes in whole cell
i i inhibitors on enzyme activity. A. Protein degradation in tissue lysate  |ysate. Freshly prepared yeast lysate was treated at the indicated pressure for 10 mins at

others and that pressures greater than 58kpsi would be required for more froease mot ysa y prepared yeast ly p

P 8 P . (rat pancreas) incubated at 37°C for 0.5 to 30 hours. Control (0 hr) was  40c Enzyme activities were measured using commercial kits. For each enzyme, the

complete Inactivation. placed at -20C directly after lysate preparation. B. Effect of residual protease oq 5 were normalized to activity of that enzyme after 10 minute incubation at 4°C at
inhibitors at full strength (1X) or diluted up to 10-fold on the activity of Lys-C. . N -
ambient pressure (“Control Okpsi”).
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Results and Conclusions:

Figures 3-7 suggest that the activity of endogenous proteases can lead to significant protein loss 1F sle

in whole tissue lysates. Inactivation of endogenous tissue enzymes by brief high pressure l » . | 1t i
treatment can significantly reduce proteolytic protein loss, without the deleterious effects of o -
protease inhibitors on downstream enzyme digestions. Figures 3, 4 and 5 show that kidney, 4 B} ' .
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stomach, and pancreas tissue lysates treated at 90,000psi for 20 minutes exhibit significantly less
proteolysis, compared to controls. For kidney lysates, as little as 2 minutes at 90kpsi is sufficient
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to significantly reduce endogenous enzyme activity (Figure 6). Figure 7 demonstrates that high Bﬁhﬁuﬁ

pressure enzyme inactivation can be performed with solid tissue, during the earliest steps of the
sample preparation workflow.

Brief, high pressure pre-treatment may enable better proteomic analysis of complex tissue ‘ ' D Y )
samples, by reducing the formation of semi-tryptic and non-specific peptides generated by Kidney tissue in PBS/0.8M urea e e
residual activity of endogenous proteases. Our data suggest that different conditions may be

Figure 3. Inactivation of endogenous proteases by high hydrostatic pressure in kidney and stomach tissue lysates.
Lysates were treated for 20mins at ambient pressure (“Okpsi”), or at 90kpsi, prior to overnight incubation at 37°C.
required for optimal results in different tissues, likely due to differences in tissue-specific Controls were held at -20°C. Samples treated at pressure and incubated overnight at 37°C (37) look similar to
controls (-20) and exhibit little detectable protein loss. Samples incubated at 37°C overnight that were not pre-

enzymes.
M tudi bei Aueied T fa i i i i | | ti treated at pressure, exhibit much protein loss and accumulation of degradation products in the low molecular
urther studies are being conducted 1o optimize pre-treatment parameters (pressure €vel, time weight range. Samples supplemented with protease inhibitor cocktail (Pl) support the conclusion that protein loss
at pressure, reagent composition, and temperature) in a variety of animal tissues. in untreated samples is due to the action of endogenous proteases, which are significantly inhibited in the
presence of Pl cocktail.
Not treated with pressure Pressure-treated at 90kpsi for 20 mins
20 37°C overnight 20 37°C overnight Figure 4. Inactivation of endogenous t'{ b :
' H 20" 20" . 20 20 10 10" proteases in pancreas tissue lysate. "
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Lysates were treated for 20mins at ambient
pressure (“0Ok”), or for 10 or 20mins at
90kpsi, prior to incubation at 37°C. Controls
(C) were held at -20°C overnight. Samples
treated at high pressure for 20mins exhibit
little detectable protein loss. Samples not
treated at pressure exhibit much protein
loss and accumulation of degradation
products in the low molecular weight range.
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Samples treated at 90kpsi for only 10mins ‘
also show significant protein loss, |
suggesting that pancreas contains enzymes N '

that can withstand shorter high pressure
treatments. Supplementing with protease
\ ) inhibitor cocktail (PI) significantly reduces

Figure 5. Kidney tissue lysate retains more intact proteins if endogenous enzymes are inactivated by pre-treatment at 90kpsi for 20 minutes
prior to incubation overnight at 37°C..
Lysate treated at 90kspi for 20 mins shows more spots on 2D gel, compared to lysate that was not pre-treated with pressure. Several parallel

Pancreas tissue in PBS/0.8M urea protein degradation. ! o ] ] .
areas of the gels are circled to highlight differences. 2D gel results agree well with the 1D SDS-PAGE results shown in Figures 3, 4, 6 and 7.
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70kpsi  60kpsi  50kpsi ' 2 mins 5 mins 10 mins 20 mins 40 mins | +Pl ,g ' P —— : : inactivation in solid tissue samples.
30 37 -20 37 -20 37 20 -20 37 37 -20 -20 37 37 20 -20 37 37 -20 -20 37 37 -20 -20 37 37 -20 -20 37 37 -20 37 time at pressure on endogenous Kidney tissue samples prepared as for PCT-

proteases in kidney lysate.
ks Lysates were treated at 50, 60 or
. 70kpsi for 20 mins, or for the
o indicated time at 90kpsi, prior to
overnight incubation at 37°C.
Samples treated at 90kpsi for as little
as 2 minutes exhibit little detectable
protein loss. 60 and  70kpsi
treatments were also effective, but
samples treated at 50kpsi still retain
significant protease activity. Controls

HD (2-3mg tissue wet weight per sample)
were pretreated at 90kpsi for 20min to
inactivate endogenous enzymes, followed
by standard homogenization with PCT
MicroPestle for 60 pressure cycles at
35kpsi. The homogenates were then
incubated overnight (o/n) at 37°C to assay
for inactivation of endogenous proteases.
Controls were homogenized directly,
without high pressure pretreatment, and
stored frozen. Some samples were
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o e s s s s et s s e s e e et s e 0 N B much protein loss and accumulation cocktail (PI) prior to overnight incubation.
of degradation products in the low Results suggest that high pressure enzyme

inactivation is as effective in whole tissue
Kidney tissue homogenized with PCT Micropestle in PBS/0.8M urea Samp|es as in tissue |ysate5.

molecular weight range.

Materials and Methods:

High pressure inactivation was performed in a HUB880 Explorer (Pressure BioSciences, Inc). MicroPestle tissue homogenization by pressure cycling was carried out using a 2320EXT Barocycler (Pressure BioSciences, Inc).

Lys-C enzyme activity was assayed using a colorimetric substrate (Sigma, cat# T-6140), in the presence of protease inhibitor cocktail (cOmplete protease inhibitor cocktail, Roche). Yeast lysate was prepared using a Constant
Systems Cell Disruptor (one pass at 40kpsi). Acid phosphatase and alkaline phosphatase activities were measured using colorimetric phosphatase assay kits from Abcam. Aspartate aminotransferase (AST), glutathione S-
transferase (GST), and glucose-6-phosphate dehydrogenase (G6PDH) activities were measured using kits from Sigma. Precast SDS-PAGE gels and IPG strips for IEF were purchased from Bio-Rad.

Various rat tissues were purchased from Pel-Freeze. Tissue lysates (kidney, stomach, and pancreas) were prepared in 0.8M urea (in either PBS, 100mM ammonium bicarb, or 20mM Tris pH 7.5) and treated at high hydrostatic
pressure, up to 90,000psi (6.2kBar), using a HUB880 Explorer high pressure instrument. Endogenous protease activity was assayed by total protein separation on SDS-PAGE gels after overnight incubation of treated and control
samples at 37°C. The effects of different pressure levels (50,000-90,000psi) and time at pressure (2-40mins) were also examined. Control lysates were either frozen directly (-20°C overnight) or supplemented with protease
inhibitor cocktail (Pl), to confirm that protein loss is likely due to the action of endogenous proteases. For SDS-PAGE, samples were reduced with DTT and separated on 10-20% Criterion gels. Samples for 2D gels were prepared in
20mM Tris to avoid PBS interference with isoelectric focusing, and were focused overnight on non-linear IPG strips, pH 3-10. Second dimension PAGE was run on 18% Criterion TGX precast gels.
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