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“One collaborator at a major University has access to a multi-million 
dollar Proteomics Facility equipped with the most a dvanced mass 
spectrometers…”

Native American Indian mortar and pestle, 
circa 1000 AD

“… but they have 
mortars and pestles 
on their laboratory 
shelves.”

Bringing sample preparation into the Proteomics Era



“Likened to two elephants standing on a strawberry”



Marianas Trench
38,713 ft (11,800m) deep

16,000 PSI

PCT uses pressures twice that experienced in the de epest part of the ocean

Pressure Cycling 
Technology (PCT)

35,000 PSI



Increased cell disruption as a function of cycled r ather than sustained pressure

Lyophilized Saccharomyces cerevisae cells 
reconstituted in TBS.

PCT at 35,000 psi maximum pressure where

nt = 100

where n is the number of cycles and t is time 
at maximum pressure in seconds.

Which is better?

1 x 100 seconds or 100 x 1 second?

100                                        25           25 1 1 1 1 1 1 1 1



The perils of sonication

Hole blown through bottom of 
high density polypropylene 
centrifuge tube during 
sonication with microtip
sonication horn.

THE SAMPLE WAS LOST…



7M urea
2M thiourea
25 mM C7BzO

Attempts to offset heat can result in thermal cycli ng leading to
the precipitation of chaotropes and detergents



sonicator
1,739 spots

PCT
2,126 spots

ground glass
1,853 spots

Comparison of PCT, sonication, and grinding of muri ne liver

Under certain conditions sonic probe may be subject ed to extensive cavitation, introducing 
metal ions into the sample. 

Proteolytic fragments may be due to reactivation of metalloproteases.



Loss of tissue sample and the potential for cross-c ontamination 
using a Polytron homogenizer for processing multiple  samples 

100 milligrams of perfused rat liver was homogenized 2X 10 minutes 
at 8,000 rpm.  Between samples, the Polytron head was immersed 
in distilled water and run at maximum speed to eject residual tissue 
entangled in the rotor stator (red circles).



Gram-negative bacteria
PCT                                                     801 proteins

bead mill                                            760 proteins

Comparison of PCT and bead mill for the 
disruption of Escherichia coli K-12 cell 
suspensions



lysozyme/benzonase
(3.5 mg/mL)

17.4 mS/cm

7M urea, 2M thiourea,
25 mM C7BzO
(4.1 mg/mL)

1.1 mS/cm

0.2 mS/cm

0.2 mS/cm

Comparison of PCT and enzymatic lysis of Rhodopseudomonas palustris

UF

UF



PCT disrupts Frankia vesicles unaffected by French press

French Press is unable to disrupt Frankia diazovesicles.

PCT treatment of a French Press pellet produces ves icle 
protein extract.



Murine adipose tissue proteins extracted by PCT or
pulverization under liquid nitrogen (LNP)



Murine adipose tissue proteins extracted by PCT or
pulverization under liquid nitrogen (LNP)



ProteoSOLVE LRS Kit for L ipid R ich S amples

Tissue dissolution by PCT and ProteoSOLVE LRS (left)  followed by removal of lipids 
and solvent and reconstitution in 2D electrophoresi s sample buffer appears to produce 
a sample representing the entire proteome of the ad ipose tissue.

Extraction in the conventional CHAPS-based 2D sample extraction buffer (right) results in a 
solution of predominantly blood plasma proteins.  

2007 Frost & Sullivan Innovation of the Year Award



(a) Duplicate PULSE Tubes containing 374 ± 13 mg fragmented bone (n = 10).
(b) 40, 80, and 120 pressure cycles.

9M urea
process formic acid          HAc HCl 65 mM CHAPS

demineralization 0.06 ± 0.02      0.05 ± 0.01      0.07 ± 0.01               _

PCT 1 (b) 0.26 ± 0.03      0.28 ± 0.01      0.40 ± 0.03      0.60 ± 0.04
PCT 2 0.08 ± 0.02      0.07 ± 0.01      0.12 ± 0.02 0.06 ± 0.01
PCT 3 0.02 ± 0.02      0.00 ± 0.00      0.03 ± 0.02 0.06 ± 0.01

total 0.41 ± 0.02      0.40 ± 0.03      0.62 ± 0.02 0.7 2 ± 0.03

Sequential PCT of bovine femur

Why bone proteins
do not focus…

Carryover Ca+, PO4- and other ions from bone form moving boundaries correlating 
to localized voltage drops and EEO transport of water.



Proteins extracted from alligator bone, 
skin, and connective tissues

connective tissueskin bone



Protein yields with or without 
prior acid demineralization and 

sequential PCT (a)

(a) Duplicate PULSE Tubes containing 345 ± 15 mg fragmented bone (n = 9).
(b) 80 pressure cycles (20 sec at 35,000 psi followed by 5 sec at atmospheric pressure).
(c) Additional 80 pressure cycles following replacement with fresh ProteoSOLVE IEF Reagent.
.

process formic acid          HAc HCl ProteoSOLVE

demineralization 0.23 ± 0.01      0.25 ± 0.01      0.24 ± 0.02 0.41 ± 0.01
PCT 1 (b) 0.40 ± 0.04      0.28 ± 0.04      0.48 ± 0.03 0.42 ± 0.02
PCT 2 (c) 0.13 ± 0.03      0.08 ± 0.01      0.22 ± 0.02 0.22 ± 0.06

total 0.77 ± 0.04      0.60 ± 0.06      0.95 ± 0.06 1.0 5 ± 0.11

PCT of ostrich tibia



Schweitzer et al. identify collagen fragments from Tyrannosaurus Rex

Analyses of Soft Tissue from Tyrannosaurus rex Suggest 
the Presence of Protein

Mary Higby Schweitzer,1,2,3 Zhiyong Suo,4 Recep Avci,4 John M. Asara,5,6

Mark A. Allen,7 Fernando Teran Arce,4,8 John R. Horner3

We performed multiple analyses of Tyrannosaurus rex (specimen MOR 
1125) fibrous cortical and medullary tissues remaining after demineralization. 
The results indicate that collagen I, the main organic component of bone, has 
been preserved in low concentrations in these tissues. The findings were 
independently confirmed by mass spectrometry. We propose a possible 
chemical pathway that may contribute to this preservation. The presence of 
endogenous protein in dinosaur bone may validate hypotheses about 
evolutionary relationships, rates, and patterns of molecular change and 
degradation, as well as the chemical stability of molecules over time.



Increasingly higher MW proteins isolated from
Daphnia pulex exoskeletons by PCT

chitin

poly(N-acetyl-1,4-� -D-glucopyranosamine) 



2DGE of proteins derived from a single D. magna microcrustacea

Silver stained 2D gels revealed 519 and 
530 protein spots from single D. magna 
organisms with or without ephippia.

Image analysis comparing the two 
phenotypes detected 60 mismatched 
proteins.

These data demonstrate the feasibility 
of using 2DGE for following phenotypic 
response to environmental stimuli.

47011 49

clonal sexual



2DGE reproducibly resolved over 900 proteins 
from a single D. pulex

r = 0.9997
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1,267 ± 3

Over 1,200 proteins were detected from
pools of five organisms.

Low CV in duplicate silver stained gels indicate 
high degree of reproducibility.
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0.016 ± 0.000
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C. elegans following PCT in various solvents



Residual cuticle “ghost” following PCT disruption of  C. elegans

Contributed by Gary Smejkal, W. Kelley Thomas and Jobriah Anderson at Hubbard Center for Genome Studies 

ProteoSOLVE CE optimized reagent for nematodes



PCT and homogenizer of supernatants from birch tree  bark peels



Interference of tannins with IEF and the effects of  PVPP on protein recovery

PCT                                                          homogenization

ProteoSOLVE CE
no PVPP

1.13 mg/mL protein

60 mMTris-EDTA, 125 mM BME,
10% PVP

0.02 mg/mL protein



High MW tannins are 
retained by a 100,000 
Da NMWL membrane 
while smaller proteins 
are collected in the 
filtrate.

Converse to usual 
ultrafiltration, which 
uses a 10,000 Da
NMWL membrane to 
concentrate proteins in 
the retentate.

Tannins and other polyphenols that interfere with 2D GE removed by ultrafiltration



sample method reagent mg/mL CBB protein spots

A PCT 60 mM Tris, 125 mM BME, 5 mM EDTA, 10% PVP 0.02 24

B PCT 100 mM Tris, 125 BME, 5% SDS 0.19 377

C PCT ProteoSOLVE IEF Reagent 1.67 303

D PCT 9M urea, 70 mM SDS, 40 mM dodecylmaltoside 0.70 -

E PCT ProteoSOLVE CE, 10 mM TBP 1.13 294

F homogenizer 60 mM Tris, 125 mM BME, 5 mM EDTA, 10% PVP 0.04 25

Optimizing protein yields from birch tree bark peel s



Isolation of proteins from Strelitzia reginae inflorescence:
Comparison of PCT and a Centrifugal Homogenizer



Deena Small
Jobriah Anderson
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