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Proteolysis-PrEP: Optimization of Pressure Cycling Conditions
for Efficient Digestion of Native IgG

Introduction

PCT has been proven to accelerate enzymatic protein digestion and the positive effect of PCT on digestion by both trypsin and
Lys-C is well established [1-4]. Additionally, the enhancing effects of PCT on the activity of enzymes including Proteinase K,
PNGase F, chymotrypsin, and lysozyme have been reported [5-8]. High hydrostatic pressure accelerates protein digestion via
a combination of two mechanisms. The first is the pressure-induced partial denaturation/unfolding and hydration of the target
proteins, which leads to better access of the enzyme to its target sites. The second mechanism is less well understood, but
relies on the increase in enzyme activity observed for some enzymes at elevated pressure. This second mechanism is likely
due, at least in part, to the positive effect of hydrostatic pressure on all reactions that involve hydrolysis. The combination of
the two pressure-based mechanisms, one acting on the enzyme and the other acting on the substrates, leads to significantly
accelerated digestion. Pressure induces protein denaturation, but the pressure-perturbed proteins assume conformational
forms that are different from those caused by thermal or chemical treatment [9]. Pressure-induced denaturation, when
combined with chaotropes and/or detergents that are often used in standard (atmospheric pressure) digestion reactions, can
potentially lead to denaturation and inactivation of the enzyme itself. Thus, it is important to determine which reagents, and at
what concentrations, are compatible with pressure cycling-enhanced digestion protocols. Such reagents are often necessary
when working with native proteins where disulfide links have not been reduced and complex tertiary structure of the substrate
protein may severely limit enzyme access to target sites. The goal of this work is to provide the user with the best set of
starting conditions for pressure-enhanced digestion of hard-to-digest proteins, such as unreduced (disulfide-intact) 1gG.

PCT Sample Preparation System (PCT SPS)

The Pressure Cycling Technology Sample Preparation System (PCT SPS) uses cycles of hydrostatic pressure between
ambient and very high levels to control biomolecular interactions and to accelerate certain enzymatic reactions. The PCT SPS
uses small, semi-automated bench-top Barocycler instruments, in combination with PCT MicroTubes or FT500-ND PULSE
Tubes. The specially designed PCT MicroTubes are single-use sample containers designed to hold 50-150 yL, while the
FT500-ND PULSE Tubes are suitable for larger sample volumes up to 1.4 mL. Samples in MicroTubes can be pressure cycled
in sets of 16 in the Barocycler 2320EXT, to allow batch-mode processing of multiple samples.

Results and Discussion

PCT-Enhanced Trypsin Digestion of Non-reduced Human IgG

Pressure cycling significantly accelerates trypsin digestion of unreduced IgG, as can be seen in Figure 1. Digests performed
with pressure cycling at 20,000 psi exhibit significant reduction in the amount of intact heavy and light chain protein, compared
to control digests performed without pressure cycling.
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Figure 1. Comparison of Pressure-Enhanced and Standard Digestion. Disulfide-
intact (“native”) IgG was digested with trypsin, either at atmospheric pressure (C), or
with pressure cycling at 20kpsi (P) for 45min, 90min, 3hrs or 4.5hrs. A mock digest was
Heavy| g - incubated for 4.5 hrs with pressure cycling without enzyme to confirm that loss of the
Chain heavy and light chains from the gel is not due to non-specific protein loss (eg, due to
adhesion or aggregation). PCT-accelerated digestion of the native protein can be seen
Light in as little as 45 minutes, but is more pronounced at longer incubation times. Note that
Chain there is significantly more digestion in the 4.5 hour pressure digests compared to the 3
hour pressure digests, indicating that the trypsin enzyme is still active, even after 3
hours of pressure cycling at 20,000psi. Also note that as digestion proceeds, a ~14kDa

SR G P C P C P fragment begins to accumulate in the samples. E/S ratio 1:50.
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Effect of Pressure Level, N-propanol, and RapiGest on Pressure-accelerated Digestion of Native 1gG

The addition of denaturants or detergents, such as urea, methanol, or RapiGest, to trypsin digestion reactions is a common
practice used to increase substrate protein unfolding and improve trypsin access to its target sites. However, these reagents
are often detrimental to trypsin activity, especially when the reactions are carried out under pressure, since their action can be
synergistic with pressure and can lead to denaturation of the trypsin itself. Previous tests have shown that addition of reagents
such as methanol, urea, and GuHCI could inhibit pressure-enhanced trypsin digestion, while low concentrations of n-propanol
improved the reaction [2]. Figure 2 shows the effect of RapiGest™ detergent on pressure-accelerated trypsin digestion of IgG.
Addition of RapiGest™ at 0.05%-0.1% final concentration improves digestion of the 1gG, especially the heavy chain of the
protein. Tests with other model proteins suggest that 0.05% RapiGest™, in combination with PCT, yields the best results and
that increasing the concentration to 0.1% is less beneficial (data not shown).
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Figure 2. Effect of RapiGest™ on Trypsin Digestion of Native IgG, with and
0% 005%  .05% 0.1% without Pressure Cycling. Native IgG was digested with trypsin (E/S 1:50) in

| the presence of RapiGest™ at the indicated concentrations. The reactions were
carried out for 90 mins at atmospheric pressure (C), or with pressure cycling at
20kpsi (P). For each condition, a mock digest was incubated with pressure (no

Heavy enzyme). Note that while RapiGest™ significantly improves the digestion of the

Chain [  aad = IgG heavy chain, the presence of the detergent has relatively little effect on the
digestion of the light chain or the accumulation of the ~14kDa fragment.

gﬁ:.tn = - — . As shown in Figure 3, the addition of 10% n-propanol results in significantly
improved digestion, especially of the heavy chain. N-propanol at 10% final
concentration was found to give the best results under the conditions tested here.
Reducing the N-propanol to 1% or 5% results in slower digestion at all pressures

e +C f k i f: P f f i i : 5 tested, and increasing it to 20% results in very poor digestion, both with and

without pressure cycling (data not shown).

Digestion of the more difficult-to-digest light chain is most effective at 45kpsi, especially with Lys-C. The best result was

observed with both enzymes together, at 45kpsi in buffer supplemented with 10% n-propanol. Based on this result, a time

course of IgG digestion was carried out (Figure 4), to optimize digestion of both the heavy and light chain, as well as of the

~14kDa fragment that is generated by incomplete digestion of the protein.

Figure 3. Effect of Pressure level and N-

No N-;iropanol 10% N-Eropanol propanol on Digestion of Native IgG by Lys-
C and Trypsin. Native IgG was digested with

[ Trypsin | Trypsin | _
T, Trypsin  lysC  +lyssc T, _Trypsin _ LysC _+LlysC trypsin, Lys-C or both enzymes together at the
indicated pressure. The reactions were carried
Digest pressure (kpsi): 0 20 45 0 20 45 0 20 45 0 2045 0 20 45 0 20 45 out at 52° C for 1 hour at atmospheric pressure
EE:KA- = ® (NOkpsi), or with pressure cycling at 20 or 45kpsi.
ote that digestion of the protein is significantly
better at 45kpsi compared 20kpsi or to
Light - - - atmospheric pressure (Okpsi). Addition of N-
chain ' propanol significantly improves the digestion of
the heavy chain, but significant digestion of the
~14kDa . . . .
fragment !lght chain is observed only in samples
incubated with N-propanol at the higher
pressure. Lys-C is more effective than trypsin at
digesting the light chain.
No N—prlopanol 10% N—plropanol
f : i = Figure 4. Optimized Digestion of Native IgG
lhour 2hour _ 4hour £ _Llhour 2hour _ 4hour § 1 with Pressure. Native IgG was digested with
Digest Pressure: 20 45 20 4520 45 0 0 20 45 20 45 20 45 0 trypsin and Lys-C together at the indicated
Heavy pressure for 1 to 4 hours at 52° C. Control
chain - digests were incubated overnight at 37° C with
shaking. The best result (*) was observed after
4 hours at 45kpsi in buffer supplemented with
Light _, ' 10% n-propanol. Note that this was the only
chain condition where extensive digestion of both the
light chain and the ~14kda fragment was
~14kDa observed.
Fragment
*

Conclusions

Here we examined the pressure-enhanced digestion of disulfide-intact human IgG. Trypsin digestion of this large (~250kDa)
disulfide-crosslinked protein is very slow under normal atmospheric pressure conditions. In most applications, IgG is treated
with reducing agents (such as DTT) to reduce the disulfide bonds, which makes the protein much easier to digest. However,
some applications require digestion of unreduced protein, and in those cases IgG digestion is very slow and may require a lot
of enzyme. By performing the reactions under pressure cycling, the reaction rate can be significantly accelerated. Increasing
the pressure from 20,000 to 45,000 psi further improves the reaction rate and digestion of the light chain. In order to better
unfold this large protein, reagents such as RapiGest or N-propanol can be used with pressure cycling to give excellent
digestion results. For applications where digestion of the IgG needs to be as complete as possible, combining trypsin with Lys-
C vyields very effective pressure-enhanced digestion in 4 hours or less. Tables 1 and 2 summarize the conclusions from the
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data reported here elsewhere [2]. These guidelines can be used “as-is” or as a starting point for further optimization by
individual users to generate pressure-enhanced protocols for their specific needs and sample types.

Tablel. Compatibility of Various Denaturants with Pressure-Enhanced Trypsin Digestion.

Denaturant Compatibility Notes

n-Propanol Compatible at 5-10%. Up to 15% can be used in some cases. Higher concentrations will inhibit reaction.

RapiGest™ Compatible at 0.05%. Up to 0.1% can be used, but may be less effective than 0.05%.

Urea Compatible at or below ~0.8M. Higher concentrations will slow the enzyme, but may be beneficial for very hard-to-
unfold substrates

Methanol Should be avoided. If used, should be kept below 5%.

Guanidine-HClI Should be avoided. If used, should be kept below 50mM.

Acetonitrile Compatible at 10%. Higher concentrations will inhibit reaction.

Trifluoroethanol Compatible at 10%. Higher concentrations will inhibit reaction.

CHAPS Should be avoided. Inhibits reaction even at 0.2% final concentration.

SDS Compatible at up to 0.025%. Up to 0.05% can be used in some cases. Higher concentrations will inhibit reaction.

Table 2. Suggested Starting Parameters for PCT-enhanced Digestion of Unreduced IgG

E Trypsin and Lys-C (sequential digestion with Lys-C followed by trypsin may yield better results than simultaneous
nzymes digestion with both enzymes)

Pressure 45,000 psi

Cycle profile 50 sec at high pressure/ 10 sec at ambient, per cycle

Temperature 52°C

Buffer 50-100mM Ammonium bicarbonate

Denaturant(s) 10% N-propanol (5-15% can be used)

Time 90 minutes to 4 hours

Materials and Methods

Trypsin (sequencing grade) was purchased from Promega. Mass spectrometry grade lysyl endopeptidase (Lys-C) was
purchased from Wako. Human gamma globulin (IgG) and HPLC-grade N-propanol were purchased from Sigma. RapiGest
was purchased from Waters. Native (non-denatured, disulfide-intact) IgG was dissolved in ammonium bicarbonate (ambic) and
used without further processing. Digest reactions were carried out in 50-100 mM ambic with or without addition of n-propanol
or RapiGest at the indicated concentration. Pressure cycling was performed in PCT MicroTubes at the indicated pressure
using one minute cycling parameters (50 seconds at high pressure and 10 seconds at ambient pressure per cycle) at 52-54°C.
Control digests were incubated in MicroTubes at the same temperature but without pressure. Overnight controls were
incubated at 37° C on a Thermomixer (Eppendorf) with shaking. Trypsin and Lys-C were used at ~1:100 enzyme-to-substrate
(E/S) ratio, unless indicated otherwise. Prior to protein separation by SDS-PAGE the IgG was reduced by addition of 25mM
DTT in Laemmli sample buffer in order visualize the heavy and light chains separately. SDS-PAGE was carried out using 10-
20% Criterion gels (Bio-Rad). Proteins were visualized by staining with coomasie blue (Bloo Moose Staining Solution,
Kerafast). Digestion was assayed by SDS-PAGE as the disappearance of the intact IgG heavy and light chains.
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